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Mountain herbivores are a multispecies group of animals with behavioural adaptations to the severe

Article history: living conditions at high elevations. Because of their marked seasonality, mountain ecosystems are
Received 19 March 2025 particularly sensitive to the impact of long-term meteorological changes. These changes can signifi-
Initial acceptance 12 May 2025 cantly influence the abundance, distribution, and ultimately the survival of plant and animal species. We
Final acceptance 24 September 2025 focused on the spatial behaviour of a herd of 21 radio-tagged female chamois, Rupicapra rupicapra, from
Available online xxx December 1998 through November 2001. We investigated home range size, habitat selection and ele-
MS. number: 25-00198R vational distribution of female chamois. Our findings revealed distinct seasonal patterns in home range
size, with smaller ranges observed during the warmer months (May-October), as well as high interin-
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dividual variability in female spatial behaviour, with more than 80% variability in home range size
explained by the individual identity. Home range size also decreased with increasing elevations, but
only during the warmer months. Sparse larch forests were selected as preferred habitats, shrublands
and other coniferous forests were avoided, and grasslands were used proportionally to availability.
Chamois were counted yearly in 2000—2001 and from 2020 to 2023 using the same methodology, with
a mean temperature increase of ~2 °C. Counts revealed an upward shift of up to ~90 m in the summer
locations of most females, although a minority of groups remained stationary or even moved down-
wards. Although predation and interspecific competition may have played ancillary roles, alteration in
vegetation distribution, and in turn, local food availability, was probably the major factor triggering
chamois movements. Contrary to predictions, despite belonging to the same female herd, some in-
dividuals showed different spatial behaviour responses, which could be adaptive to ensure survival in
case of a changing environmental context, as natural selection can only take place if there is individual
variation.

© 2025 The Author(s). Published by Elsevier Ltd on behalf of The Association for the Study of Animal
Behaviour. This is an open access article under the CC BY license (http://creativecommons.org/licenses/

by/4.0/).
Mountain environments are strongly seasonal habitats, increases, its effects are amplified in mountain environments,
particularly sensitive to long-term meteorological changes having relatively greater impacts compared with lowlands

altering the normal course of seasons, with significant conse-
quences on abundance, distribution and eventual survival of plant
and animal species (Lovari et al., 2020; Nogues-Bravo et al., 2007;
Parmesan, 2006; Schmeller et al., 2022). As the global temperature
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(Mountain Research Initiative EDW Working Group, 2015; Pepin
et al., 2022), although this pattern could vary with mountain
topography (Elsen & Tingley, 2015). Over millennia, mountain-
dwelling species must have learnt to cope with fluctuating envi-
ronments, or they would have gone extinct because of past
climatic oscillations. During the last few decades, rising temper-
atures have been shifting cryophilic (i.e. cold-adapted) plant
communities to higher elevations or to cooler pockets (e.g.
Gottfried et al., 2012; Parolo & Rossi, 2008; Rammig et al., 2010),
due to earlier snow thaw and onset of vegetation regrowth

0003-3472/© 2025 The Author(s). Published by Elsevier Ltd on behalf of The Association for the Study of Animal Behaviour. This is an open access article under the CC BY
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(Pettorelli et al., 2007; Rogora et al.,, 2018). For mountain un-
gulates, no variation seems to occur at the onset of the rut, which,
in turn, does not alter the usual birth season (Lovari et al., 2020;
see also Renaud et al., 2019). Thus, the nutritional quality of forage
declines earlier, when the young of the year are weaning, which
will affect their growth and subsequent winter survival (Dumont
et al., 2015; Ferretti et al., 2018; Lovari et al., 2020; Pettorelli
et al, 2007; Rughetti & Festa-Bianchet, 2012). Conversely, in
several areas, shorter winters have been reported to reduce winter
mortality and increase body mass (Brambilla et al., 2024; Jarque-
Bascunana et al., 2022). Thus, the trade-off between costs and
benefits of the current thermal change seems to vary between
populations, species and local environmental conditions (e.g.
elevation and aspect).

Over the last few million years, mountain-dwelling herbivores
have evolved morphological, physiological and behavioural adap-
tations to deal with seasonal variation in weather and in food
availability (Coté & Festa-Bianchet, 2001; Festa-Bianchet, 1988).
Warming weather increases heat stress (Semenzato et al., 2021),
besides negatively affecting food availability and quality (Ferretti
et al., 2018; Lovari et al., 2020; Pettorelli et al., 2007), and intra-
specific foraging competition (Fattorini et al., 2023), in turn
negatively influencing reproductive success and population dy-
namics (Chirichella et al., 2021; Lovari et al., 2020; Pettorelli et al.,
2007; White et al., 2018). Over the warmer months, heat stress in
chamois may occur throughout the 24 h, with a peak in daytime
(Carnevali et al., 2016; Grignolio et al., 2018). It has been suggested
that forests can act as cooler shelters for mountain ungulates,
helping them to partly mitigate the negative effects of increasing
temperature (Anderwald et al., 2024; Malagnino et al., 2024;
Michaud et al., 2024; Reiner et al., 2021). Furthermore, an eleva-
tional increase in forest cover could push mountain ungulates to
increase their usage. Females are the main driver of population
dynamics (Grignolio et al., 2007), but so far, only one study has
suggested that the spatial behaviour of females in forest-dwelling
chamois may be particularly affected by environmental warming
(Anderwald et al., 2024).

Chamois Rupicapra spp. are one of the most iconic and wide-
spread mountain ungulates in Europe and Asia Minor and show
behavioural, ecological and physiological adaptations to life at
high elevations (Corlatti, Herrero, et al., 2022; Corlatti, Iacolina,
et al., 2022; Couturier, 1938). Although there is a wealth of
studies on the spatial behaviour and home range size of male
northern chamois R. rupicapra (e.g. Corlatti, Herrero, et al., 2022;
Corlatti, lacolina, et al., 2022, for a synthesis; Cotza et al., 2023),
relevant information for female chamois is still scarce, especially
in relation to the effects of the current temperature increase.
Furthermore, most research on seasonal variation of spatial
behaviour has been based on direct visual observations of in-
dividuals marked with plastic collars or ear tags (Boschi &
Nievergelt, 2003; Clarke & Henderson, 1984; Kati et al., 2020;
Loison et al., 2008; Pachlatko & Nievergelt, 1985). This marking
technique is unsuitable for assessing spatial behaviour in low-
visibility habitats such as forests and shrubby areas. In particular,
out of the only three available studies on habitat selection of fe-
male chamois based on telemetry data, only one was based on a
substantial sample of radiotracked individuals of this sex (Table 1).

In predator-free or near-free areas, female chamois tend to use
higher elevations and have larger home ranges than males to meet
energy requirements related to gestation and lactation (Boschi &
Nievergelt, 2003; Edelhoff et al., 2023; Filli & Campell, 2006;
Nesti et al., 2010; Unterthiner et al., 2012). Females appear to in-
crease their home range size during the warmer months (May-
October), when they have sucklings at heel (hereafter, kids)
(Boschi & Nievergelt, 2003; Ferrari et al., 1988; Hamr, 1985; Nesti
et al,, 2010). Kids are born in mid-May to mid-June and start
following their mothers a few hours after birth (Kramer, 1969). The
relationship between home range size and local habitat richness/
selection is well known (Dupke et al., 2017; Lovari, Sforzi, & Mori,
2013; 2017; van Beest et al., 2010; Viana et al., 2018). In the Alps,
female chamois tend to select grasslands when snow is absent, as
well as larch forests rich in understorey food species (Anderwald
et al, 2016; Malagnino et al., 2024; Nesti et al, 2010;
Unterthiner et al., 2012). Previous studies have also suggested two

Table 1
Current knowledge based on peer-reviewed studies on home range size and habitat selection of radio-tagged female northern chamois, Rupicapra rupicapra
N tracked Home range Study period (months) Selected habitats Avoided habitats Source
females size
27 74 ha (warmer months, 24 NA NA Hamr (1985)
grid method); and 60 ha
(colder months, grid
method)
17 333 ha (annual, MCP 95) 28 NA NA Michallet and Toigo (2000)
6 79 ha (annual, Ker 95); 711 34 Open habitats (year) Scree and scrubs Nesti et al. (2010)
ha (warmer months, Ker (colder months)
95); and 36 ha (colder
months, Ker 95)
9 56 ha (bimonthly, Ker 95) 24 Larch forest (year) and Spruce forest (year), Unterthiner et al. (2012)
open habitats (warmer mountain pinewood
months) (warmer months) and
scrubs (colder months)
30 186.6 ha (annual, MCP 95) 60 NA NA Tablado et al. (2016)
50 66 ha (monthly, BBMM 90) 60 (only warm NA NA Duparc et al. (2019)
months)
117 132 ha (monthly, Ker 95) 168 NA NA Seigle-Ferrand et al. (2022)
9 13.88 ha (monthly, Ker 95) 6 (two NA NA Edelhoff et al. (2023)
autumns)
55 NA 156 Forest (warmer months) Scree and scrubs Anderwald et al. (2024)
and open habitats (colder (colder months)
months)
21 81.6 ha (warmer months, 27 Sparse larch forest Spruce forest, dense larch This study

Ker 95); and 99.5 ha (colder
months, Ker 95)

forest and rocks

Ker 95: kernel density estimation 95%; MCP 95: minimum convex polygon 95%; BBMM 90: Brownian bridge movement model 90%. NA: not available.
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ecotypes of northern chamois, namely ‘ridge chamois’ and ‘forest
chamois’, based on their primary habitat use (Anderwald et al.,
2024; Couturier, 1938). Improving our knowledge on seasonal
changes of spatial behaviour, such as home range size, selection of
habitat types and elevational belts by forest-dwelling female
chamois, could help us understand how changing weather con-
ditions and available habitats will affect future responses of
mountain ungulates (Corlatti, Herrero, et al., 2022; Seigle-Ferrand
etal., 2021). Furthermore, no information is available on individual
variations of ranging movements among female chamois
belonging to the same herd, presumably exposed to the same
environmental and social determinants (Duranton & Gaunet,
2016; Ward & Webster, 2016). If so, consistent behaviour across
individuals could be expected. In fact, behaving as the majority of
group members should determine greater survival success,
whereas variability at the individual level could provide survival
alternatives to the main tactic (Del Mar Delgado et al., 2018). This
argument is potentially important to explain the spatial reactions
of herbivores to ongoing meteorological change, which is already
leading to alterations in the spatial distribution of mountain spe-
cies, especially chamois (Lovari et al.,, 2020; Semenzato et al.,
2021).

We have investigated short-term seasonal variations in home
range size and habitat selection of individual forest-dwelling fe-
male chamois belonging to the same herd in an Alpine protected
area using intensive very high frequency (VHF) radiotracking and
direct observations. We have defined ‘herd’ as the chamois
attending the same valley, showing overlapping home ranges with
variable groupings (cf. Kramer, 1969). Although home range re-
flects the amount of space used by an individual, habitat selection
mirrors the degree of preference in the environmental character-
istics of the space used. Therefore, both aspects are tightly linked
and jointly contribute to the understanding of animal spatial
behaviour. Furthermore, we have assessed the effect of kid pres-
ence in the early suckling stages on the female’s home range size.
Finally, we compared official counts conducted in 2000—2001
with those in the period from 2020 to 2023 to assess long-term
differences in the spatial distribution of the same chamois herd.
We predicted that (1) in the colder months (November-April), fe-
male chamois should move to snow-free areas, thus avoiding
alpine pastures (Kramer, 1969); (2) home ranges of adult female
chamois would be smaller during the colder months, when
feeding areas are limited because of snow cover and juveniles are
no longer heavily dependent on mothers; and (3) there would be
little variation in the spatial behaviour (i.e. home range size and
elevation usage) of females belonging to the same group (Duparc
et al., 2019; Ward & Webster, 2016).

METHODS
Study Area

Our study was conducted in the Paneveggio-Pale di San Mar-
tino Natural Park, in the eastern Italian Alps (hereafter PNP; 46°30’
N-11°45’ E; 19,710 ha, elevation: 1465—2330 m a.s.l.; radiotracking
period: 1999—2001; chamois counts: July 2000—2001 and from
2020 to 2023). Chamois were trapped (see below) in the central-
southern part (7700 ha) of the Cavallazza area. Most (31%) of the
study area was covered with alpine grasslands and peat bogs,
including Nardus stricta L., Festuca varia Haenke and Deschampsia
caespitosa (L.) Beauv. It was located below a steep, rocky area (13%),
and above a dense, shrubby, steep slope (5%) with Alnus glutinosa
(L) Gaertn., Juniperus communis L. and Rhododendron ferrugineum
L. Conifer forest also occurred, which included dwarf mountain
pines, Pinus mugo, Turra (4%), sparse (9%) and dense (20%) larch,

Larix decidua L. patches, and a spruce, Picea abies (L.) H. Karst forest
(18%). Thus, the study area contained a mosaic of seven macro-
habitats, which allowed their selection by chamois.

The local climate is prealpine-continental, with snowy winters
and mild summers (Carnevali et al., 2016). During our study
period, weather data recorded at the Passo Rolle station showed
that February was the coldest month (mean T: —4.5 °C), whereas
August was the warmest one (mean T: 10.5 °C). The warmer se-
mester occurred from May through October (mean T + SD = 7.4 +
1.3 °C), whereas the colder one was from November through
April(meanT +SD=-2.6 + 1.2 °C; Carnevali et al., 2016). Annual
precipitation was 1110 mm, peaking in October (185 mm). Most
snow fell in late winter-early spring (January-April), when the
monthly average snow depth ranged from 40 to 170 cm.

Our study population of chamois can be considered as forest-
dwelling (sensu Baumann & Struch, 2000), i.e. mostly observed
in covered habitats (conifer forests and shrubland: Guastella,
2001). The local population density was ~19 individuals/100 ha,
with a female density of 10.1-15.8 ind./100 ha (Fattorini et al.,
2007). Other wild ungulate species included red deer, Cervus ela-
phus (~6 ind./100 ha), at lower elevations, below the chamois area,
whereas roe deer, Capreolus capreolus, were rarely observed within
the chamois range (Mattedi et al., 1997). Since our radiotracking
study, red deer have increased in numbers and have slowly spread
to higher elevations. Golden eagles, Aquila chrysaetos, prey mostly
on juveniles (Bertolino, 2003) and occasionally on adult chamois
(Lovari, 1977), but no large terrestrial carnivore was present at the
time of our radiotracking work. No hunting was allowed in our
study area, a state property reserve since 1982. Human distur-
bance was limited but increased in the warmer months, whereas
livestock presence was mainly concentrated around farmhouses
(‘malghe’), just out of our study area (Monaco, 2003).

Chamois Captures and Radiotracking

We used large box traps, baited with salt, to catch chamois
(N = 23 sexually mature, i.e. >2 years old, females: representing
~40% of the local female herd), during late May-mid July, in
1999—-2001. Cage traps (1.70 x 1.50 x 2.50 m) were built at capture
sites, adapting them to cliff morphology and using wooden planks
and other natural materials (rocks, branches and trunks) found on
site (a trapping method commonly used for chamois: Appolinaire
et al.,, 1984). At the bottom of the inner portion, zootechnical salt
was placed as an attractant, and a dropping net was positioned at
the entrance. After the chamois entered the trap, from a distance,
an operator activated the triggering mechanism, i.e. a small piston
releasing the net door and causing it to fall. The chamois, in an
attempt to escape, would get entangled in the net. When activated,
traps were checked for the entire period of daily triggering (from
dawn to dusk) by a team of at least 2—3 people (including a
veterinarian) to release the net when the chamois was inside.
Upon that, in less than 15 min, the team reached the animal,
checked its health conditions, ear-tagged it and fitted a VHF radio-
collar (TXH-3—Televilt, Inc., Sweden). To allow identification, an
individual-specific code was defined by using colours of the ear
tags (red and yellow) and those of the radio collars (yellow and
white), as well as by glueing and sawing coloured plastic bands
(blue, red and black) to the latter. As captures involved individuals
of different ages, radio collars were fitted to allow for the growth of
chamois necks.

We wished to radio-tag about 50% of the local herd in a rela-
tively short time to be able to monitor them under the same
environmental conditions. After catching 23 females, the trade-off
between costs (labour and time) and benefits (new chamois
caught) strongly suggested stopping new catching attempts. In
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fact, repeated recaptures of the same individuals would increase
useless risks. The age of chamois was determined through horn
ring counts (3—15 years: Couturier, 1938; Schroder & von Elsner-
Schack, 1985). Throughout the study period, the mean + SD age
of monitored chamois was 8.3 + 3.8 years (median 8.7 years; range
3—14.5 years). Before data collection began, the mean location
error was determined by positioning five radio tags in 200 known
locations/operator at ground level and by calculating the differ-
ence between actual and estimated locations (mean =+
SD = 27.2 + 5.5 m). Fixes collected in the first week from radio-
tagging were discarded from our analyses to prevent bias due to
the novelty of the radio collar. To calculate the borders of the study
area, we defined a total of 100% minimum convex polygon (MCP)
encompassing all radiolocations, plus a 200 m wide buffer area
(Castillo et al., 2012).

The data collection system remained constant throughout the
whole research period (December 1998—November 2001). We
used discontinuous radiotracking, locating an animal at regular
time intervals (see below), by triangulation (Kenward, 1987). Our
goal was to obtain at least 20 fixes per month for each chamois.
The 24 h period was divided into three time slots of 8 h each so that
each slot consisted of the same number of fixes/months, and each
fix was 4 h from the others to limit autocorrelation (Grignolio et al.,
2007). Our study area had good sealed and dirt road coverage, and
when in doubt, checks on foot were made to overcome challenging
topographic features for signal location. We never went so close to
chamois to elicit their escape reaction. After each field session,
fixes (3—5 bearings for each fix) were recorded on a map. The
elevation and habitat type where each individual was located,
together with the coordinates of each fix, were entered into a data
set. An error polygon was identified on the map, with its centroid
assumed to be the actual location of the animal (fix), defined by a
pair of XY coordinates (Kenward, 1987). The measure of the linear
distance from the centroid to the farthest vertex represented the
radius of the confidence circle, whose area depended on the error
arc, the intersection of the angles, and the distance between the
animal and the observer (Bartolommei et al., 2012). Only polygons
with a vertex-centroid distance lower than 50 m were considered
reliable (Bartolommei et al., 2012). Positions confirmed by direct
sightings were considered error-free. In total, 12 906 locations of
females were collected, of which approximately 31% were
confirmed within 1 h by direct sightings.

Together with direct sightings during radiotracking bouts,
further observations were conducted during the warmer months
(~187 h/year) in each study year to identify collared females with
offspring from those without kids. Female alpine chamois (life
expectancy: >20 years; Corlatti, Herrero, et al., 2022) are known to
maintain frequent close contact with their offspring throughout
lactation (Ruckstuhl & Ingold, 1999). We identified females with
kids (one, rarely two, per female: Corlatti, Herrero, et al., 2022)
when female-juvenile pairs were sighted alone or, when observed
within groups, they were the closest individuals to each other in
most observations, especially when lying down (Ruckstuhl &
Ingold, 1999), as well as when nursing.

Among the 23 female chamois captured and radiotracked, one
died within 1 month from capture, and one showed home ranges
~250% larger than the mean home range of the other females in all
seasons, together with ~70% smaller overlap with other individuals
than the mean overlap, suggesting an out-group spatial behaviour.
Data from these individuals were not used for analyses to improve
consistency and reliability. All results have been based on data
from 21 females monitored for a mean + SD of 27 + 9 consecutive
months.

Ethical Note

The trapping of chamois was conducted by park personnel in
full compliance with Italian regulations, as authorized by the
Italian Ministry of Environment and approved by ISPRA (‘Istituto
Superiore per la Protezione e la Ricerca Ambientale’) under pro-
tocols 017 853 and 002 2988. No ethical approval from a local
animal welfare committee was sought as it was not required.
Trapping was executed by park personnel under continuous vet-
erinary supervision, using traps baited with salt licks. During the
weaning period, chamois form nursery groups and juveniles are
not always in proximity to their mothers. As a result, temporary
separations exceeding those caused by capture and handling
naturally occur in this species (Ruckstuhl & Ingold, 1998). Once
trapped, female chamois were handled within 30—45 min by a
team of skilled handlers coordinated by park staff. To minimize
stress, each animal was restrained immediately upon handling, its
eyes covered to reduce anxiety, and its legs securely bound to
prevent injuries. Every effort was made to reduce the procedure
time, limiting individual handling time to approximately
15—20 min, and allowing for a rapid on-site release. Young of the
year and their mothers were released simultaneously to prevent
separation. Throughout the study, 23 individuals were captured,
with no injuries or fatalities caused by the trapping and handling.
All capture, handling and sampling procedures adhered strictly to
national animal welfare laws and the ethical guidelines outlined in
ISPRA accreditations, in line with Italian National Law 157/1992,
Legislative Decrees 196/2003 and 26/2014, European Regulation
2016/679, and the European ‘Habitats’ Directive 92/43/EEC. GPS
collars weighed ~500 g, i.e. much less than 2.5% of the animal’s
body mass, and were fitted exclusively on adult individuals. To
accommodate potential seasonal fluctuations in neck circumfer-
ence, an approximate 2 cm gap was left between the collar and the
neck, ensuring that the device remained secured without exces-
sive movement. Postcapture observations revealed no apparent
alteration in the chamois behaviour, nor any evidence of long-term
effects. Behavioural monitoring was conducted from a distance to
minimize disturbance. Furthermore, no adverse consequences,
such as injuries or disruptions of daily activity, were associated
with collar use.

Home Range Estimation

For each individual, the overall, seasonal, and bimonthly home
range sizes were estimated through both 95% and 50% fixed kernel
(Ker 95% and Ker 50%, respectively; the latter also known as ‘core
area’), as well as through 100% and 95% MCP. Although MCP is
suitable for a basic description of habitat selection, fixed kernel
home range estimates provide a more accurate picture by dis-
carding the peripheral unused areas (Burgman & Fox, 2003). The
overall home ranges considered all fixes collected throughout the
monitoring period, the seasonal (semestral) timescale considered
fixes collected within the warmer and colder months (respectively
May-October and November-April; cf. Carnevali et al., 2016, from
the same study area and period), whereas the bimonthly temporal
scale considered fixes collected within six bimesters, defined ac-
cording to the weather variability in our study site and the bio-
logical cycle of female chamois (January-February; March-April;
May-June;  July-August;  September-October; November-
December). Home range estimation was performed in R version
3.3.1 (R Core Team, 2013), using packages ade4 (Dray & Dufour,
2007), adehabitat (Calenge, 2006), and HRTools (Preatoni & Bisi,
2013). The last package was also used to assess the home range
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(Ker 95%) overlap between each pair of individuals monitored at
the same time (interindividual overlap, quantified through the
Minta index, on a 0—1 scale; Minta, 1993), and the home range
overlap of the same individuals in different years (interannual
overlap, quantified as %), which were calculated by considering the
overall home range of each female over the monitoring period.
These indices were calculated to inform on the degree of space
sharing between members of the same chamois herd. As to the
95% and 50% fixed kernel estimates, we used an ad hoc smoothing
parameter (hagnhoc) to prevent oversmoothing or undersmoothing
(Berger & Gese, 2007).

Statistical Analysis: Home Range Size

We investigated variation in the sizes of the bimonthly home
ranges (Ker 95%) and core areas (Ker 50%) of female chamois
(considered as the averages throughout the study years, for each
individual) according to seasonality, chamois age and elevation
through generalized additive mixed models (GAMMSs; Wood,
2017). Although our primary interest was to evaluate seasonal
variations, chamois age (range: ~3—15 years) and elevation (range:
~1700—1900 m a.s.l.) were also considered as potential predictors
driving the sizes of the home range and core area of chamois. In
particular, age may affect energy requirements, as well as be a
proxy for the experience of individuals in moving across the area,
promoting knowledge of important information, e.g. shelter and
best food patch locations, thus influencing home range size
(Brambilla et al., 2006; Levet et al., 1995; Monaco, 2003). Because
of the conical shape of mountains, at higher elevations, the space
available to individuals is reduced with respect to lower areas
(White et al., 2018). Quality and distribution of mountain vegeta-
tion are also influenced by elevation (Lovari et al., 2020), thereby
shaping herbivore movements. Thus, we considered all the above
predictors in an initial scrutinizing model (see below).

The flexibility of GAMMs allowed us to evaluate potential
nonlinear relationships of age and elevation with our response
variables through nonparametric smoothing functions. Models
were fitted using the R package mgcv (Wood, 2017). Both response
variables were In-transformed to improve the homogeneity of
residuals and modelled through a Gaussian error distribution (link
function: identity). The female chamois identity was included as a
random factor with smoother linkage to account for multiple
home range size estimates calculated on the same individual every
bimester. We included the bimester as a parametric predictor
(categorical; reference level: January-February) and two predictor
variables, which were modelled through natural cubic spline
functions: age (continuous, in years; considered as the median age
of each female over its monitoring period, to the nearest 0.5 year)
and elevation (continuous, in m a.s.l.; as the mean elevation at
which each female was located in the relevant bimester). Both age
and elevation were included as interactions with the bimester to
investigate whether their effects are bimester-dependent.

For both response variables, we conducted an all-subset model
selection (Harrison et al., 2018) to investigate the support of all the
possible combinations of predictors in influencing home range and
core area sizes of female chamois. We scrutinized any possible
combination of predictors, each one representing a candidate
model underlying a specific a priori hypothesis (including the
hypothesis that home range variation is solely due to interindi-
vidual variation as reflected by the null, random intercept-only
model), because none of them could be discarded in advance.
This approach is recommended when prior knowledge of the
investigated phenomenon is not strong enough to force predictors
in the model (Stephens et al., 2005), as in our case, where age and
elevation might be possible drivers, but no specific information on

chamois in our study area is available. The model selection was
based on the Akaike information criterion corrected for small
samples (AICc), with the random factor included in all candidate
models, and was performed using the R package MuMIn (Barton,
2023). The difference between the AlICc of each candidate model
and the AICc of the model with the lowest AICc, namely AAICc, was
considered for model ranking. Only models that had AAICc<2 were
selected and, among them, any model whose AICc was higher than
that of a simpler nested alternative was excluded to avoid retain-
ing overly complex models (nesting rule: Harrison et al., 2018).
Because only a single model was selected for each response vari-
able (cf. Results), only that was used for inference on the effects of
predictor variables, with no need to perform model averaging or
separate inference from different selected models. To evaluate
differences between bimonthly estimates of home range and core
area, as the bimester was a parametric predictor, we computed
estimated marginal means (R package emmeans; Lenth, 2023) and
performed post hoc pairwise comparisons between all bimesters
by correcting P values for multiple comparisons through the
single-step method (R package multcomp; Hothorn et al., 2008).
Then, we estimated the adjusted repeatability (Stoffel et al., 2017)
within the same female chamois in the bimonthly (In-trans-
formed) home range and core area sizes while accounting for the
fixed effect of the predictor supported in the best model (i.e. the
bimester, cf. Results), in a linear mixed model framework. This
metric quantifies the variability in home range and core area
explained by the individual identity, after controlling for the effect
of bimester. Thus, this evaluation provides information on indi-
vidual heterogeneity in the spatial extent used by female chamois.
Higher values of repeatability would suggest that home range and
core areas show substantial interindividual variation in spatial
behaviour, emphasizing behavioural diversity between members
of the same herd. Repeatability, relevant uncertainty and signifi-
cance were estimated using the R package rptR (Stoffel et al., 2017),
with 10 000 bootstrap replicates and a likelihood ratio test, using
the home range and core area sizes as response variables, the
bimester as a fixed effect as supported by the selected model (cf.
Results), and female chamois identity as a random intercept
(repeated measures per female: N = 6 for 17 females; N = 4 for 3
females; and N = 3 for 1 female).

In a second step, we investigated potential nonlinear variations
in the bimonthly home range and core area sizes of female
chamois according to the elevation, separately for each bimester.
This analysis nullifies the effect of seasonality (bimester), which
may mask other effects, thus providing more detailed information
on the potential role of elevation compared with the first-step
analysis. Having one estimate of home range/core area per fe-
male, we fitted a generalized additive model (GAM) for each
bimester. As in the previous step, we included the mean elevation
as a smooth term (natural cubic spline) and modelled both (In-
transformed) response variables with a Gaussian error distribution
(link: identity). Model selection was therefore performed sepa-
rately for each bimester and conducted as above to investigate the
potential role of elevation in affecting the home range/core area of
female chamois against a null model (i.e. a model not including
elevation, as the elevation was the only predictor variable). As the
model comparison involved solely a model with elevation against
the null, intercept-only model, a likelihood ratio test was also
performed to assess whether elevation significantly contributed to
explaining differences between models.

In the third step, we assessed the differences in the year-
specific home range and core area sizes between females with
and without kid(s) during the early-nursing stage (May-June
bimester) while still accounting for the potentially nonlinear effect
of elevation. We fitted two GAMMSs and modelled both (In-

Please cite this article in press as: Lovari, S., et al., One herd, different movements: spatial behaviour of female forest chamois in a changing
meteorological perspective, Animal Behaviour (2025), https://doi.org/10.1016/j.anbehav.2025.123446




6 S. Lovari et al. / Animal Behaviour xxx (XXXx) xXx

transformed) response variables with Gaussian errors (link:
identity). Having multiple estimates of home range/core area for
each female and each study year, we included the chamois identity
and the study year as random factors. Kid presence was included
as a parametric predictor (reference level: kid absent), and the
elevation was modelled as a smooth term (natural cubic spline).
Model selection was performed as for the first step, i.e. while
retaining the two random factors in all candidate models. In all
steps, the best models were checked through visual inspection of
residuals and assessment of model fit.

Statistical Analysis: Habitat Selection

Two habitat selection analyses were performed separately to
investigate preference, avoidance, or proportional use (no selec-
tion) of the various habitat types and elevational belts by female
chamois. Individual-based selection of habitat types was assessed
by comparing the proportion of habitat used by each female
chamois against the available proportion of the same habitat at
two different scales (second-order selection: percentage of habitat
within the home range vs percentage of habitat within the study
area; third-order selection: percentage of female locations
observed within the habitat vs percentage of habitat within the
home range; Johnson, 1980). For the elevation, only a second-order
selection was performed by considering the percentage of female
locations observed within the elevational belt vs the percentage of
the elevational belt within the study area. We used the nonpara-
metric method by Fattorini et al. (2014). For each habitat type or
elevational belt, we assessed whether it was proportionally used
according to its availability using the sign test based on the
number of female chamois for which the proportion of use
exceeded the proportion of availability. Then, the P values result-
ing from each single test were combined for assessing the overall
hypothesis of proportional use through a permutational procedure

3
x‘;r
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1000 m

(where we estimated the permutation distribution using a random
sample of 100 000 sign choices), giving rise to an overall P value
(Fattorini et al., 2014, 2017).

As to habitat sensu stricto, we considered the seven main types
occurring in the study area: alpine pasture, rocks (i.e. cliffs and
screes), shrubland, sparse larch forest, dense larch forest, spruce
forest and dwarf mountain pine scrubwood (Fig. 1). Concerning
elevation, we considered seven belts: (1) <1700 m a.s.l.; (2)
1701—-1800 m a.s.l.; (3) 1801—1900 m a.s.l.; (4) 1901—-2000 m a.s.l.;
(5)2001—-2100 m a.s.l.; (6) 2101—2200 m a.s.l.; (7) >2200 m a.s.l.
Testing was conducted through the package phuassess (Fattorini
et al,, 2017) in R 3.3.1, with the significance level set at 0.05. An-
alyses were conducted separately for each semester and bimester
(see ‘Home range estimation’ for temporal criteria).

Statistical Analysis: Bidecadal Changes in Chamois Terrain Use

We investigated bidecadal (~20 years) differences in the envi-
ronmental characteristics (elevation, slope, aspect and rock cover)
of the locations of female chamois sightings (with male sightings,
for an intersexual comparison) recorded during standardized
block counts conducted by operators from the Natural Park and the
Provincial Forestry Agency (Berducou & Besson, 1982) in mid-July
2000—-2001 (period A) and 2020—2023 (period B). Although a
comparison between two time periods does not permit drawing
definite conclusions on long-term trends or evolutionary adapta-
tions, it can suggest options available to individuals of the same
subpopulation, providing a clue for understanding chamois
movements.

We considered male and female groups of chamois separately
for analyses. The same counting method (block count locations,
operator number, same optics, same week in July and same time of
day) was used each year in 2000—2001 and 2020—2023. Operators
recorded the numbers and sex/age classes of chamois for each
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Figure 1. Habitat type composition of the study area (Paneveggio-Pale di San Martino Natural Park, Northern Italy). Inset: broader location of the study area (red line shows the

Cavallazza area).
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sighting and georeferenced them. Details on block counts and
statistical analyses are reported in the Supplementary Material.

RESULTS
Home Range Size

The mean + SD overall home range of female chamois was
90.1 + 49.1 ha (Ker 95%; MCP 95%: 133.1 + 80.9 ha; MCP 100%:
2173 + 104.1 ha), whereas the core area (Ker 50%) was
15.1 + 8.6 ha. Both home ranges and core areas were larger during
the colder season than in the warmer one (mean + SD; warmer:
Ker 95%, 81.6 + 50.3 ha; Ker 50%, 13.9 + 6.9 ha; colder: Ker 95%,
99.5 + 58.2 ha; Ker 50%, 17.6 + 7.8 ha). The interindividual overlap
between home ranges of female chamois throughout their moni-
toring period, weighted by the number of different individuals
against which the overlap of each female was assessed, was 0.48 +
0.20 (weighted mean Minta index + weighted SD; range
0.24—0.62). The mean + SD interannual overlap of the same in-
dividual, respectively in home range and core area, was 70% + 18%
and 58% + 25% (first vs second monitoring year; N = 8 individuals),
67% + 18% and 53% + 22% (first vs third monitoring year; N = 7
individuals) and 75% + 16% and 63% + 18% (second vs third
monitoring year; N = 14 individuals).

For both the bimonthly home range and the core area sizes, a
single best model with considerable support over other candidate
models (AAIC > 10) was selected, explaining > 80% data variability
(adjusted R%, home range 0.82; core area 0.84) and including only
the effect of the bimester (Tables S1-S2). Therefore, age and
elevation were not supported as influential predictors of
bimonthly home range and core area sizes of female chamois. We
found that home ranges were the smallest in May-October and
increased in November-April (Table 2; Fig. 2a). Core areas tended
to follow the same seasonal pattern (Fig. 2b; Table 2). Repeatability
(R) within the same individual was always high and significant
(home range: R = 0.825, 95% CI: 0.674—0.900, P < 0.0001; core
area: 0.821, 95% CI: 0.672—0.897, P < 0.0001), reflecting substantial
interindividual variability in female spatial behaviour. This means
that, while accounting for the effect of bimester, >80% of the
variability in home range size was explained by the individual
identity.

When we investigated the effect of elevation separately for
each bimester, we found that the elevation was an influential
predictor only in the warmer months, with consistent results

obtained by model selection and null hypothesis testing
(Tables S3—S4). In particular, from May to October, home ranges of
female chamois tended to decrease with increasing elevation
(Table S6; Fig. 3a—f). Core areas followed a similar pattern,
decreasing at higher elevations only in March-April and from July
to October (Table S6; Fig. 3g-1). In these months, the elevation
explained ~25%—52% of the variability in the home range and core
area size, depending on the bimester (Table S6).

When we compared variations in home range and core area
sizes of females with and without kids during the early-lactation
period (May-June), we found that a single best model was
selected (Table S5), explaining most of the data variability
(adjusted R?, home range 0.99; core area 0.98) and including only
the effect of the elevation (Table S7). Thus, kid presence was not
found to be a predictor variable.

Habitat Selection

At both the second and the third levels of selection, in all the
bimonthly periods as well as at the semester level, there was
strong evidence that female chamois did not use habitat types and
elevational belts proportionally to their availability overall
(P < 0.0001 in all cases). Among habitats, chamois positively
selected the sparse larch forest year round and consistently avoi-
ded almost all the others, except alpine pastures, which were used
in proportion to their local availability throughout the year
(Table S8; Fig. 4a). The dwarf mountain pine scrubwood was also
used in proportion to its availability in the colder semester, at the
second order of selection, and throughout the year, at the third
order of selection, as well as the shrubland was during July-
December, at both orders of selection (Table S8; Fig. 4a). In terms
of elevation, chamois selected the 17011800 m and 1801—-1900 m
belts throughout the year, although the latter was used propor-
tionally to availability between November and February (Table S9;
Fig. 4b). Elevations below 1700 m and above 1900 m were always
avoided, except for the 2101—2200 m belt in July-August, which
was used in proportion to its availability (Table S9; Fig. 4b).

Bidecadal Change in Chamois Terrain Use

Over the last two decades, July temperatures in our study area
have increased by ~2 °C, with a mean rate of ~0.1 °C/year
(Supplementary Material; Fig. 5b). In the same period, male and
female sightings of chamois during standardized block counts

Table 2

Post hoc pairwise comparisons testing differences in home range and core area of female chamois between bimesters
Post hoc comparison Home range Core area

Coefficient (SE) P-value Coefficient (SE) P

January-February vs March-April 0.095 (0.085) 0.869 0.179 (0.073) 0.153
January-February vs May-June 0.286 (0.083) 0.011 0.427 (0.072) < 0.001
January-February vs July-August 0.351 (0.084) < 0.001 0.389 (0.073) < 0.001
January-February vs September-October 0.199 (0.084) 0.178 0.261 (0.073) 0.007
January-February vs November-December —0.005 (0.083) 1.000 0.073 (0.072) 0.908
March-April vs May-June 0.191 (0.083) 0.211 0.248 (0.072) 0.011
March-April vs July-August 0.255 (0.084) 0.036 0.210 (0.073) 0.053
March-April vs September-October 0.103 (0.084) 0.821 0.082 (0.073) 0.867
March-April vs November-December —0.100 (0.083) 0.830 —0.106 (0.072) 0.677
May-June vs July-August 0.064 (0.081) 0.968 —0.038 (0.070) 0.994
May-June vs September-October —0.087 (0.081) 0.891 —0.166 (0.070) 0.182
May-June vs November-December —0.291 (0.080) 0.006 —0.354 (0.069) < 0.001
July-August vs September-October —0.152 (0.081) 0.422 —0.128 (0.070) 0.452
July-August vs November-December —0.355 (0.080) < 0.001 —0.316 (0.069) < 0.001
September-October vs November-December —0.203 (0.080) 0.121 —0.188 (0.069) 0.081

Coefficients, standard errors (SEs) and P values adjusted for multiple comparisons are reported. Significant (P < 0.05) comparisons are bolded.
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Figure 2. Bimonthly individual variation in the size of (a) home range and (b) core area by female chamois, Rupicapra rupicapra (black dots connected by grey lines). Horizontal
line: median; box: first and third quartiles. Bimesters were defined according to the weather variability in our study site and the biological cycle of female chamois (colder
months: November-December, January-February and March-April; warmer months: May-June, July-August and September-October).
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Figure 3. Bimester-specific relationships between the elevation (metres a.s.l.) and sizes of the (a-f) home range and (g-1) core area, in female chamois, Rupicapra rupicapra. The
smoothing function of elevation (blue line) and its 95% CI (grey band) are added when the relationship is supported by GAMs (see Tables S3, S4, and S6). Black dots: observed
values. Bimesters were defined according to the weather variability in our study site and the biological cycle of female chamois (colder months: November-December, January-
February and March-April; warmer months: May-June, July-August and September-October).

changed their summer locations differently according to envi-
ronmental variables (Fig. 5c—f). Male sightings increased on
steeper terrain, whereas females did not (Table S10; Fig. 5d).
Conversely, on average, females appear to have increased the use
of sites at higher elevations by moving >50 m upslope (89.4%:
Table S10; Fig. 5¢), although a minority of them moved to lower
elevations or did not shift their locations in respect to 2000—2001
(10.6%, N = 339 female-group sightings; Fig. S1). Females also used
rocky locations more often (Table S10; Fig. 5e) and also changed
the aspect of the ground used by moving ~30° along the
southwest-southeast direction (Table S10; Fig. 5f). In contrast,
males showed no significantly relevant change.

The average significant increase in elevation of female chamois
was entirely due to that occurring in two out of the five blocks
surveyed, where they moved ~85—90 m upslope. In two other

blocks, no elevational change occurred, while in the fifth block,
sightings of female groups were made at lower elevations,
although the low number of sightings may have determined the
lack of statistical significance (Table S11; Fig. S1).

DISCUSSION

Our study presents the first detailed analysis of home range
size, as well as habitat and elevation selections, of a large group of
radio-tagged female chamois, monitored for ~27 months/ind., on
average. It has also investigated the effect of the ongoing thermal
anomaly on chamois terrain use, thus providing a novel contri-
bution to the understanding of the spatial dynamics of this
mountain herbivore. The spatial behaviour of the female sex has
been for long disregarded in behavioural studies (e.g. Rosenqvis
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Figure 4. Selection by female radio-tagged chamois, Rupicapra rupicapra of (a) habitat types (study area: second order; home range: third order) and (b) elevational belts. Red:
avoided; green: selected; white: proportionally used. For values of use and availability, see Table S8 (habitat types) and Table S9 (elevational belts), Supplementary Material.
Bimesters were defined according to the weather variability in our study site and the biological cycle of female chamois (colder months: November-December, January-February

and March-April; warmer months: May-June, July-August and September-October).

and Berglund, 1992; Wang et al., 2024). This fact is difficult to
explain because females bear the greater investment for repro-
duction by producing eggs and their distribution influences the
spatial behaviour of males (Isvaran, 2005). In mammals, females
also undergo pregnancy, as well as suckling and protecting
offspring to subadulthood.

Home range sizes of mountain ungulates depend mainly on the
spatial distribution and quality of food resources (e.g. Brambilla
et al, 2006; Michaud et al., 2024). Our radio-tagged females

showed smaller annual and bimonthly home range and core area
sizes compared to other chamois populations (Clarke & Hender-
son, 1984; Hamr, 1985; Kramer, 1969; Unterthiner et al., 2012; cf.
Table 1), which might be due to the high local forest/grassland
productivity (Forti et al., 2025; Guastella, 2001). Contrary to our
prediction that home range size would be smaller in colder
months (prediction 2), the home range size of female chamois was
smaller during the warmer months. On alpine meadows, the
greater concentration and quality of vegetation patches in spring-
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Figure 5. (a) Satellite map of the study area, with locations of sightings of chamois, Rupicapra rupicapra groups during standardized counts in July, 2000—2001 (male-group
sightings: N = 140; female-group sightings: N = 164) and from 2020 to 2023 (male-group sightings: N = 127; female-group sightings: N = 175); a majority of sightings on ridges
can be detected in the 2020—2023 count; see also Fig. 5c. (b) Changes in mean July temperatures in 2000—2023 (dots: observed values; line and band: predicted values and 95%
CI). Differences in (c) mean elevation, (d) mean slope, and (e) use of rocky locations, between 2000—2001 and 2020—2023, for male (blue bars) and female (orange bars) groups of
chamois (error bar: SE). (f) Differences in mean aspect (from the north direction), between 2000—2001 and 2020—2023, for male (right) and female (left) groups of chamois (red
arrow: circular mean and dispersion). For statistical analyses, see Supplementary Material.

summer may serve as an attraction for chamois, reducing ranging
movements in search of alternative food patches (Ferrari et al.,
1988; von Elsner-Schack, 1985). For female chamois, suitable
wintering areas should be steep enough to prevent high accu-
mulation of snow, tend to be small, and thus female chamois
generally move little from such areas (Hamr, 1985; Kramer, 1969).

The suitability of a wintering range for chamois can vary
depending on local snow depth and wind direction (Anderwald
et al,, 2024), which may have prompted females in our study
valley to move from one area to another, resulting in larger home
ranges in the colder months. Females of the same herd should
exhibit relatively uniform spatial behaviour (Conradt & Roper,
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2000; Duranton & Gaunet, 2016). In contrast to our prediction 3,
we observed high interindividual variability of home range and
core area sizes within the same herd, independently of season. We
also observed only moderate interindividual overlap in home
ranges (~50%) compared with what may be expected for in-
dividuals belonging to the same herd (Del Mar Delgado et al.,
2018). Most likely, this behaviour reflects the requirement of fe-
males to locate optimal foraging and birthing sites as the birth
season gets closer (Duparc et al., 2019; Unterthiner et al., 2012).
During the warmer months, the home range size of females
decreased with increasing elevation, which may be explained by
the conical shape of most alpine mountains, where available
foraging areas decrease with elevation and rocky outcrops become
prevalent (Semenzato et al., 2021; White et al., 2018). We cannot
confirm the significant influence of kids on the home range size of
lactating females, as reported for the alpine ibex, Capra ibex
(Grignolio et al., 2007). In chamois, the young of the year are highly
mobile and begin following their mothers shortly after birth
(Kramer, 1969; Mikolas et al., 2013). Moreover, some 10—20 days
after birth, when mothers have regrouped together, chamois
display ‘kindergarten’ behaviour, in which females take turns to
look after the young, whereas the other mothers go foraging
(Ruckstuhl & Ingold, 1998).

In contrast with our prediction that alpine pastures would be
avoided in the cold months because of snow cover (prediction 1),
nutritious pastures at the highest elevations, i.e. alpine meadows,
were used throughout the year proportionally to their local
availability (cf. Unterthiner et al., 2012). Conversely, female
chamois consistently selected sparse larch forests throughout our
study period. This preference could depend on the mosaic of
habitats within alpine forests, providing diverse foraging and
cover opportunities (Knaus & Schroder, 1983, pp. 212—214;
Unterthiner et al.,, 2012). Shrubland, rocks and other coniferous
forests were avoided all year round, as they are usually poor in
food resources (Duparc et al., 2019; Forsyth, 2000). The high cover
that the alder shrubland provides (Guastella, 2001) was evenly
used in summer and autumn for resting.

Long-term meteorological changes with increasing mean
temperatures can negatively influence food availability and
quality for mountain herbivores (Ferretti et al., 2018; Lovari et al.,
2020; Pettorelli et al., 2007), decrease body growth (Reiner et al.,
2021; Rughetti & Festa-Bianchet, 2012), and reproductive suc-
cess, in turn affecting population dynamics (Chirichella et al.,
2021; Lovari et al., 2020; Pettorelli et al., 2007; White et al.,
2018). Over two decades, July mean temperatures in our study
area have increased by ~2 °C,atarate of ~0.1 °C/year. Although
comparing only two time periods, 20 years apart, may not permit
inference of long-term trends or evolutionary adaptation, we
suggest that the thermal change, presumably associated with a
variation in food resources, could have been the primary driver of
female movements upwards (Biintgen et al., 2017; Lovari et al.,
2020), as they follow the pattern of increasing cold-adapted
nutritious vegetation with elevation (Gottfried et al., 2012;
Pauli et al., 2012; Stanisci et al., 2011). Compared with two de-
cades earlier, male chamois did not show a comparable upward
shift, but they are known to be ecologically more resilient than
females as to food quality and security areas among cold-adapted
ungulates (Ferrari et al., 1988; Rivrud et al., 2019). The analysis of
bidecadal changes in slope aspects, besides revealing distinct
patterns between sexes, supported the temperature-dependent
hypothesis of alteration of food resources as triggering the
change of chamois terrain use. Twenty years apart, most obser-
vations of females slightly moved from south-facing slopes to
southeastern ones. In the northern hemisphere, south-facing
slopes are the most exposed to sunlight in summer and

accumulate the highest temperatures (Auslander et al., 2003),
which could decrease the quality of nutritious mountain vege-
tation (Dobrowski, 2011; Srivastava & Kumar, 2018) as well as
heat stress, prompting female chamois to shift the aspect of their
ranges (cf. Anderwald et al., 2024), besides the concomitant in-
crease in elevation. Such south-northward movement may still
be ongoing. In contrast, males showed no relevant changes in
aspect between the two time periods, further suggesting that
their movements are less limited by food constraints (Anderwald
et al., 2024; but see Lovari et al., 2006; Unterthiner et al., 2012).
Although we cannot discard increased interspecific competition
with red deer (cf. Anderwald et al., 2016; Donini et al., 2021;
Ferretti et al., 2015), approximately half of the hinds abandoned
our study valley in the warmer months to come back in the colder
ones (Bocci et al., 2010). In contrast, chamois remained within the
study area throughout the year. This suggests that, despite a
moderate upward shift in red deer distribution (e.g. a few dozen
metres in elevation) over the past two decades, the degree of
interspecific spatial overlap should not have increased (Bocci
et al., 2010, 2012). Moreover, in the last two decades, the
increased use of higher and rocky terrain by females might sug-
gest a complementary role of recolonizing wolves to drive
changes in chamois terrain use (cf. Orazi et al., 2025), which
might also explain the increased use of steeper slopes by males
(cf. Baruzzi et al., 2017). Thus, the arrival of the wolf might have
been an additional factor in pushing females with kids to rocky
cliffs, providing greater security, although just one pair of wolves
formed in 2017 in our study area (Groff et al., 2018). Inevitably,
our evaluation of bidecadal changes in chamois terrain use is not
exempt from the limitation of comparing two specific periods in
time. Although our data offer clues to understand differences
occurring 20 years apart, they should be interpreted with some
caution, and a complete time series spanning longer periods
would be necessary to better shed light on ecological trends and
potentially adaptive responses of chamois.

We expected little variation in the spatial movements of
chamois females belonging to the same herd. Although we have no
information on their movements in the intermediate period be-
tween 2000-2001 (period A) and 2020—2023 (period B), their
distribution pattern did not appear to change homogeneously, not
supporting our prediction 3 on a similar behaviour of female
chamois belonging to the same herd. There was a mean increase in
elevation of sighted chamois between period A and period B of
>50 m upslope; even greater (i.e. ~90 m) if we eliminate the few
female chamois moving downwards or not moving. The majority
of female groups (89.4%) moved upwards in relation to
2000—2001, most likely searching for cooler temperatures and
cold-adapted nutritious vegetation, whereas 10.6% of female
groups did not, i.e. remained at the same elevation or even moved
downwards (Fig. S1). Reactions of chamois to increasing temper-
atures have been reported as follows: (1) moving to higher ele-
vations, if available, thus following the phenological progression of
key plant associations (Anderwald et al., 2024; Biintgen et al.,
2017) as well as avoiding heat stress (Mason et al, 2014;
Semenzato et al., 2021); (2) moving to lower elevations (e.g.
Herrero et al., 2023; Perco et al., 1997), presumably in search of
new suitable cooler cover areas; (3) reaching near-extinction
locally (Lovari et al., 2020). Our data suggest that not all in-
dividuals in a population or herd show the same response to
environmental change. For example, Michaud et al. (2024) have
reported two ecotype-related tactics of mountain goats, Oreamnos
americanus, to cope with thermal stress. Our work has shown a
high interindividual variability in female spatial behaviour, with
more than 80% variability in home range size explained by indi-
vidual identity. Although predation and interspecific competition
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may have played ancillary roles, alteration in vegetation distribu-
tion, i.e. local food availability, was probably the major factor
triggering chamois movements (Thuiller et al., 2018). Despite
belonging to the same herd, a few female chamois showed
different spatial responses. This behavioural diversity may be
adaptive to ensure survival in a changing environmental context,
as natural selection can only take place if there is individual
variation.

Our study provides novel insights into the spatial behaviour of a
mountain mammal, suggesting that females, the key drivers of
population dynamics, can manifest a substantial degree of
behavioural diversity even among members of the same herd.
Furthermore, our study has revealed variability in behavioural
responses to environmental changes. Over the Pleistocene, no less
than 100 major (>300 years each) glaciations and interglacials
have impacted population movements of mountain ungulates
(Crawford, 2014; Lovari, Sforzi, & Mori, 2013). Thus, we can assume
that extant species are adapted to deal with a variety of alternative
solutions to environmental changes, or they should have gone
extinct, emphasizing the evolutionary resilience and historical
adaptability of mountain ungulates. Recently, it has been sug-
gested that a mountain-dwelling large mammal may use its
eyesight to scan the landscape and decide where to disperse, even
crossing long stretches of unsuitable terrain, provided the desti-
nation is in sight (Johansson et al., 2024), which may suggest an
additional explanation for differential dispersal behaviour. Of
course, one should not expect that all solutions are equally suc-
cessful and thus subpopulations may disappear to form again
through recolonization, when the thermal change has regressed.
Forests may act as a temporary cooler refuge habitat (Reiner et al.,
2021), but even forests will be affected by a prolonged thermal
stress lasting hundreds or thousands of years. Furthermore, forest
expansion may exert additional challenges to mountain ungulates,
such as changes in forage quality and availability, and promote
predator occurrence. With respect to past climatic changes, the
heavy habitat alteration caused by humans, especially between
mountains (i.e. urbanization, Kati et al., 2020), is the only new
critical factor militating against the colonization of some potential
refuge areas for mountain ungulates, thus decreasing their odds of
long-term survival.

Author Contributions

Sandro Lovari: Writing — review & editing, Writing — original
draft, Supervision, Methodology, Investigation, Conceptualization.
Niccolo Fattorini: Writing — review & editing, Writing — original
draft, Methodology, Formal analysis, Conceptualization. Chiara
Luvié: Writing — review & editing, Investigation. Alessandra
Tagliabo: Writing — review & editing, Investigation. Piergiovanni
Partel: Writing — review & editing, Resources, Data curation. Silvia
Bonat: Writing — review & editing, Investigation. Emiliano Mori:
Writing — review & editing, Writing — original draft, Methodology,
Formal analysis, Data curation, Conceptualization.

Data Availability

The data used in this study are available as supplementary
material.

Declaration of Interest

The authors have no competing interests.

Acknowledgments

We are grateful to E. Sartori (park director, at the time of our
radiotracking study) for encouragement, co-operation, and
continuous support; A. Monaco, for coordination of fieldwork; L.
Carnevali, M.Sc. students, and operators from the Natural Park, for
help in data collection and storage; park wardens and operators
from the Provincial Forestry Agency, for chamois trapping. L.
Corlatti suggested the repeatability analysis and provided some
improvements. Kindly, D.M. Shackleton revised our English. We
thank the Editor, J. Jolles, and four anonymous reviewers for their
constructive suggestions. For this study, funding was provided to
S.L. by the Ente Parco Naturale di Paneveggio-Pale di S. Martino
and the Trento Province Agency. E.M. has been funded by the
National Recovery and Resilience Plan (NRRP), Mission 4 Compo-
nent 2 Investment 1.4 - Call for tender No. 3138 of 16 December
2021, rectified by Decree n.3175 of 18 December 2021 of the Italian
Ministry of University and Research funded by the European Union
— NextGenerationEU; Project code CN_00000033, Concession
Decree No. 1034 of 17 June 2022 adopted by the Italian Ministry of
University and Research, CUP B83C22002930006, Project title
‘National Biodiversity Future Center — NBFC'. N.F. was funded
under the National Recovery and Resilience Plan (NRRP), Mission 4
Component 2 Investment 1.4—Call for tender No. 3138 of 16
December 2021, rectified by Decree n. 3175 of 18 December 2021
of the Italian Ministry of University and Research, funded by the
European Union#8212;NextGenerationEU; Award Number: Proj-
ect code CN_00000033, Concession Decree No. 1034 of 17 June
2022 adopted by the Italian Ministry of University and Research,
CUP B63C22000650007, Project title ‘National Biodiversity Future
Center — NBFC'. S.L. conceived the ideas, supervised and partici-
pated in all phases of the study; C.L., A.T. and S.B. collected and
recorded the data; P.P. provided logistic support, organized counts
and filed count data; E.M. performed home range and habitat se-
lection analyses; N.F. conducted statistical models and analysed
count data. E.M,, S.L. and N.F. wrote the manuscript.

Supplementary Material

Supplementary material associated with this article is available
at https://doi.org/10.1016/j.anbehav.2025.123446.

References

Anderwald, P., Buchmann, S., Rempfler, T., & Filli, F. (2024). Weather-dependent
changes in habitat use by Alpine chamois. Movement Ecology, 12(1), 3. https://
doi.org/10.1186/s40462-024-00449-x

Anderwald, P., Haller, R. M., & Filli, F. (2016). Heterogeneity in primary productivity
influences competitive interactions between red deer and Alpine chamois.
PLoS One, 11(1), Article e0146458. https://doi.org/10.1371/journal.pone.
0146458

Appolinaire, ], Muller, P., & Berducou, C. (1984). Capture et marquage d'isards.
Recherches et essais techniques en vue d’un suivi scientifique et d’operations
de reintroduction. Documents Scientifiques du Parc National des Pyrénées, n.
3. pp. 1 -110.

Auslander, M., Nevo, E., & Inbar, M. (2003). The effects of slope orientation on plant
growth, developmental instability and susceptibility to herbivores. Journal of
Arid Environments, 55(3), 405—416. https://doi.org/10.1016/S0140-1963(02)
00281-1

Biintgen, U., Greuter, L., Bollmann, K. Jenny, H., Liebhold, A., Galvan, ]. D,
Stenseth, N. C,, Carrie, A., & Mysterud, A. (2017). Elevational range shifts in four
mountain ungulate species from the Swiss Alps. Ecosphere, 8(4). https://
doi.org/10.1002/ecs2.1761. Article e01761.

Barton, K. (2023). MuMIn: Multi-model inference. R package version 1.47.5. https://
CRAN.R-project.org/package=MuMIn.

Bartolommei, P., Francucci, S., & Pezzo, F. (2012). Accuracy of conventional radio
telemetry estimates: A practical procedure of measurement. Hystrix - the
Italian Journal of Mammalogy, 23(2), 12—18. https://doi.org/10.4404/hystrix-
23.2-6376

Please cite this article in press as: Lovari, S., et al., One herd, different movements: spatial behaviour of female forest chamois in a changing
meteorological perspective, Animal Behaviour (2025), https://doi.org/10.1016/j.anbehav.2025.123446



https://doi.org/10.1016/j.anbehav.2025.123446
https://doi.org/10.1186/s40462%2D024%2D00449%2Dx
https://doi.org/10.1186/s40462%2D024%2D00449%2Dx
https://doi.org/10.1371/journal.pone.0146458
https://doi.org/10.1371/journal.pone.0146458
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref3
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref3
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref3
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref3
https://doi.org/10.1016/S0140%2D1963%2802%2900281%2D1
https://doi.org/10.1016/S0140%2D1963%2802%2900281%2D1
https://doi.org/10.1002/ecs2.1761
https://doi.org/10.1002/ecs2.1761
https://CRAN.R%2Dproject.org/package%3DMuMIn
https://CRAN.R%2Dproject.org/package%3DMuMIn
https://doi.org/10.4404/hystrix%2D23.2%2D6376
https://doi.org/10.4404/hystrix%2D23.2%2D6376

S. Lovari et al. / Animal Behaviour xxx (XXxx) XXX 13

Baruzzi, C., Lovari, S., & Fattorini, N. (2017). Catch me if you can: Antipredatory
behaviour of chamois to the wolf. Ethology Ecology & Evolution, 29(6),
589—598. https://doi.org/10.1080/03949370.2016.1271016

Baumann, M., & Struch, M. (2000). Waldgemsen—neue Erscheinung der Kultur-
landschaft oder alte Variante der Naturlandschaft? Schlussbericht. BUWAL, Eidg
Forstdirektion. Bern.

Berducou, C., & Besson, J. P. (1982). Dynamique des populations d’isard du Parc
National des Pyrenées Occidentales de 1968 a 1981. In C. Dendaletche (Ed.),
Grande faune sauvage des montagnes d’Europe et ecosystemes d’altitude (pp.
153—175). Centre Pyrénéen de Biologie et Antropologie des Montagnes. Pau
(France).

Berger, K. M., & Gese, E. M. (2007). Does interference competition with wolves
limit the distribution and abundance of coyotes? Journal of Animal Ecology,
76(6), 1075—1085. https://doi.org/10.1111/j.1365-2656.2007.01287.x

Bertolino, S. (2003). Herd defensive behaviour of chamois, Rupicapra rupicapra, in
response to predation on the young by a golden eagle, Aquila chrysaetos. Eu-
ropean Journal of Wildlife Research, 49(3), 233—236. https://doi.org/10.1007/
BF02189741

Bocci, A., Angelini, 1., Brambilla, P, Monaco, A., & Lovari, S. (2012). Shifter and
resident red deer: Intrapopulation and intersexual behavioural diversities in a
predator-free area. Wildlife Research, 39(7), 573—582.

Bocci, A., Monaco, A., Brambilla, P, Angelini, I, & Lovari, S. (2010). Alternative
strategies of space use of female red deer in a mountainous habitat. Annales
Zoologici Fennici, 47(1), 57—66. https://doi.org/10.5735/086.047.0106

Boschi, C., & Nievergelt, B. (2003). The spatial patterns of Alpine chamois (Rupi-
capra rupicapra rupicapra) and their influence on population dynamics in the
Swiss National Park. Mammalian Biology, 68(1), 16—30. https://doi.org/10.1078/
1616-5047-1610058

Brambilla, P.,, Bocci, A., Ferrari, C., & Lovari, S. (2006). Food patch distribution de-
termines home range size of adult male chamois only in rich habitats. Ethology
Ecology & Evolution, 18, 185—193. https://doi.org/10.1080/08927014.2006.
9522706

Brambilla, A., Von Hardenberg, A., Bassano, B., Ranghetti, L., Keller, L., & Festa-
Bianchet, M. (2024). Climate drives body mass changes in a mountain ungu-
late: Shorter winters lead to heavier Alpine ibex. Oikos, 2024(12). https://
doi.org/10.1111/0ik.10643. Article e10643.

Burgman, M. A, & Fox, J. C. (2003). Bias in species range estimates from minimum
convex polygons: Implications for conservation and options for improved
planning. Animal Conservation, 6(1), 19—28. https://doi.org/10.1017/S1367943
003003044

Calenge, C. (2006). The package “adehabitat” for the R software: A tool for the
analysis of space and habitat use by animals. Ecological Modelling, 197(3—4),
516—519.

Carnevali, L., Lovari, S., Monaco, A., & Mori, E. (2016). Nocturnal activity of a
“diurnal” species, the Northern chamois, in a predator-free Alpine area.
Behavioural Processes, 126, 101—107. https://doi.org/10.1016/j.beproc.2016.
03.013

Castillo, D. F,, Luengos Vidal, E. M., Casanave, E. B., & Lucherini, M. (2012). Habitat
selection of Molina’s hog-nosed skunks in relation to prey abundance in the
Pampas grassland of Argentina. Journal of Mammalogy, 93(3), 716—721. https://
doi.org/10.1644/11-MAMM-A-300.2

Chirichella, R., Stephens, P. A,, Mason, T. H. E., & Apollonio, M. (2021). Contrasting
effects of climate change on Alpine chamois. Journal of Wildlife Management,
85(1), 109—120. https://doi.org/10.1002/jwmg.21962

Clarke, C. M. H., & Henderson, R. J. (1984). Home range size and utilization by
female chamois (Rupicapra rupicapra L.) in southern Alps, New Zealand. Acta
Zoologica Fennica, 171, 287—291.

Conradt, L., & Roper, T. J. (2000). Activity synchrony and social cohesion: A fission-
fusion model. Proceedings of the Royal Society of London. Series B: Biological
Sciences, 267(1458), 2213—2218. https://doi.org/10.1098/rspb.2000.1271

Corlatti, L., Herrero, ]., Ferretti, F., Anderwald, P., Garcia-Gonzdlez, R., Hammer, S. E.,
Nores, C., Rossi, L., & Lovari, S. (2022). Northern chamois Rupicapra rupicapra
(Linnaeus, 1758) and southern chamois Rupicapra pyrenaica Bonaparte, 1845.
In L. Corlatti, & F. Zachos (Eds.), Terrestrial Cetartiodactyla — Handbook of the
Mammals of Europe (pp. 325—366). Cham, Switzerland: Springer Nature
Switzerland. https://doi.org/10.1007/978-3-030-24475-0_30.

Corlatti, L., Iacolina, L., Safner, T., Apollonio, M., Buzan, E., Ferretti, F., Hammer, S. E.,
Herrero, ]., Rossi, L., Serrano, E., Arnal, M. C., Brivio, F,, Chirichella, R., Cotza, A.,
Crestanello, B., Espunyes, J., Fernandez de Luco, D., Friedrich, S., Gaci¢, D., &
Sprem, N. (2022). Past, present and future of chamois science. Wildlife Biology,
2022(4). https://doi.org/10.1002/wlb3.01025. Article e01025.

Cote, S. D., & Festa-Bianchet, M. (2001). Birthdate, mass and survival in mountain
goat kids: Effects of maternal characteristics and forage quality. Oecologia,
127(2), 230—238. https://doi.org/10.1007/s004420000584

Cotza, A., Tomassini, O., Corlatti, L., Ferretti, F., Davoli, M., Bassano, B., & Lovari, S.
(2023). Reproductive payoffs of territoriality are snow-dependent in a
mountain ungulate, the Alpine chamois. Journal of Zoology, 321(3), 225—236.
https://doi.org/10.1111/jz0.13113

Couturier, M. (1938). Le chamois. Grenoble, France: Arthaud.

Crawford, R. M. (2014). Tundra-taiga biology. New York: Oxford University Press.

Del Mar Delgado, M., Miranda, M., Alvarez, S. ]., Gurarie, E., Fagan, W. F,
Penteriani, V., di Virgilio, A., & Morales, ]J. M. (2018). The importance of indi-
vidual variation in the dynamics of animal collective movements. Philosophical
Transactions of the Royal Society B, 373(1746), Article 20170008. https://doi.org/
10.1098/rstb.2017.0008

Dobrowski, S. Z. (2011). A climatic basis for microrefugia: The influence of terrain
on climate. Global Change Biology, 17(2), 1022—1035. https://doi.org/10.1111/
j1365-2486.2010.02263.x

Donini, V., Pedrotti, L., Ferretti, F., & Corlatti, L. (2021). Disentangling demographic
effects of red deer on chamois population dynamics. Ecology and Evolution,
11(12), 8264—8280. https://doi.org/10.1002/ece3.7657

Dray, S., & Dufour, A. B. (2007). The ade4 package: Implementing the duality di-
agram for ecologists. Journal of Statistical Software, 22(4), 1-20. https://doi.org/
10.18637/js5.v022.i04

Dumont, B., Andueza, D., Niderkorn, V., Liischer, A., Porqueddu, C., & Picon-
Cochard, C. (2015). A meta-analysis of climate change effects on forage quality
in grasslands: Specificities of mountain and Mediterranean areas. Grass and
Forage Science, 70(2), 239—254. https://doi.org/10.1111/gfs.12169

Duparc, A., Garel, M., Marchand, P., Dubray, D., Maillard, D., & Loison, A. (2019).
Revisiting the functional response in habitat selection for large herbivores: A
matter of spatial variation in resource distribution? Behavioral Ecology, 30(6),
1725—1733. https://doi.org/10.1093/beheco/arz141

Dupke, C., Bonenfant, C., Reineking, B., Hable, R., Zeppenfeld, T., Ewald, M., &
Heurich, M. (2017). Habitat selection by a large herbivore at multiple spatial
and temporal scales is primarily governed by food resource. Ecography, 40(8),
1014—1027. https://doi.org/10.1111/ecog.02152

Duranton, C., & Gaunet, F. (2016). Behavioural synchronization from an ethological
perspective: Overview of its adaptive value. Adaptive Behavior, 24(3), 181—191.
https://doi.org/10.1177/1059712316644966

Edelhoff, H., Milleret, C., Ebert, C.,, Dupont, P, Kudernatsch, T., Zollner, A.,
Bischof, R., & Peters, W. (2023). Sexual segregation results in pronounced sex-
specific density gradients in the mountain ungulate, Rupicapra rupicapra.
Communications Biology, 6(1), 979. https://doi.org/10.1038/s42003-023-05313-

z

Elsen, P. R, & Tingley, M. W. (2015). Global mountain topography and the fate of
montane species under climate change. Nature Climate Change, 5(8), 772—776.
https://doi.org/10.1038/nclimate2656

Fattorini, N., Lovari, S., Franceschi, S., Chiatante, G., Brunetti, C., Baruzzi, C, &
Ferretti, F. (2023). Animal conflicts escalate in a warmer world. Science of the
Total Environment, 871. https://doi.org/10.1016/j.scitotenv.2023.16178. Article
161789.

Fattorini, L., Marcheselli, M., Monaco, A., & Pisani, C. (2007). A critical look at some
widely used estimators in mark-resighting experiments. Journal of Animal
Ecology, 76(5), 957—965. https://doi.org/10.1111/j.1365-2656.2007.01275.x

Fattorini, L., Pisani, C., Riga, F, & Zaccaroni, M. (2014). A permutation-based
combination of sign tests for assessing habitat selection. Environmental and
Ecological Statistics, 21(2), 161—187. https://doi.org/10.1007/s10651-013-0250-7

Fattorini, L., Pisani, C., Riga, F., & Zaccaroni, M. (2017). The R package “phuassess” for
assessing habitat selection using permutation-based combination of sign tests.
Mammalian Biology, 83(1), 64—70. https://doi.org/10.1016/j.mambio.2016.
12.003

Ferrari, C., Rossi, G., & Cavani, C. (1988). Summer food habits and quality of female,
kid and subadult Apennine chamois, Rupicapra pyrenaica ornata, Neumann,
1899 (Artiodactyla, Bovidae). Zeitschrift fiir Saiigetierkunde, 53(3), 170—177.

Ferretti, F., Corazza, M., Campana, L, Pietrocini, V., Brunetti, C., Scornavacca, D., &
Lovari, S. (2015). Competition between wild herbivores: Reintroduced red deer
and Apennine chamois. Behavioral Ecology, 26(2), 550—559. https://doi.org/
10.1093/beheco/aru226

Ferretti, F.,, Lovari, S., & Stephens, P. A. (2018). Joint effects of weather and inter-
specific competition on foraging behaviour and survival of a mountain her-
bivore. Current Zoology, 65(2), 165—175. https://doi.org/10.1093/cz/zoy032

Festa-Bianchet, M. (1988). Birthdate and survival in bighorn lambs (Ovis cana-
densis). Journal of Zoology, 214(4), 653—661. https://doi.org/10.1111/j.1469-
7998.1988.tb03764.x

Filli, F., & Campell, S. (2006). Summer home ranges of chamois Rupicapra rupicapra
in central Alpine habitats - Il Fuorn and val Trupchun in the Swiss National
Park as exemplary study areas. In F. Filli, & W. Suter (Eds.), Ungulate research in
the Swiss National Park. Nationalpark-Forschung in der Schweiz (pp. 149—169).
Swiss Academy of Sciences.

Forsyth, D. M. (2000). Habitat selection and coexistence of the Alpine chamois
(Rupicapra rupicapra) and Himalayan tahr (Hemitragus jemlahicus) in the
eastern Southern Alps, New Zealand. Journal of Zoology, 252(2), 215—225.

Forti, A., Byloos, C., Arseni, M., Volcan, G., Dorigatti, E., Donini, V., Partel, P, &
Marchesini, G. (2025). Late summer spatial behaviour of Alpine marmots
Marmota marmota in the Eastern Italian Alps: Effects of intrinsic and extrinsic
drivers. Mammal Research, 70(1), 21—34. https://doi.org/10.1007/s13364-024-
00774-x

Gottfried, M., Pauli, H., Futschik, A., Akhalkatsi, M., Barancok, P., Alonso, J. L. B.,
Coldea, G., Dick, J., Erschbamer, B., Calzado, M. R. F, Kazakis, G., Krajci, J.,
Larsson, P, Mallaun, M., Michelsen, O., Moiseev, D., Moiseev, P., Molau, U.,
Merzouki, A., ... Grabherr, G. (2012). Continent-wide response of mountain
vegetation to climate change. Nature Climate Change, 2, 111—-115. https://
doi.org/10.1038/nclimate1329

Grignolio, S., Brivio, F, Apollonio, M., Frigato, E., Tettamanti, F., Filli F, &
Bertolucci, C. (2018). Is nocturnal activity compensatory in chamois? A study of
activity in a cathemeral ungulate. Mammalian Biology, 93(1), 173—181. https://
doi.org/10.1016/j.mambio.2018.06.003

Grignolio, S., Rossi, 1., Bertolotto, E., Bassano, B., & Apollonio, M. (2007). Influence
of the kid on space use and habitat selection of female Alpine ibex. Journal of
Wildlife Management, 71(3), 713—719. https://doi.org/10.2193/2005-675

Please cite this article in press as: Lovari, S., et al., One herd, different movements: spatial behaviour of female forest chamois in a changing
meteorological perspective, Animal Behaviour (2025), https://doi.org/10.1016/j.anbehav.2025.123446



https://doi.org/10.1080/03949370.2016.1271016
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref9
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref9
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref9
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref10
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref10
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref10
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref10
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref10
https://doi.org/10.1111/j.1365%2D2656.2007.01287.x
https://doi.org/10.1007/BF02189741
https://doi.org/10.1007/BF02189741
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref13
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref13
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref13
https://doi.org/10.5735/086.047.0106
https://doi.org/10.1078/1616%2D5047%2D1610058
https://doi.org/10.1078/1616%2D5047%2D1610058
https://doi.org/10.1080/08927014.2006.9522706
https://doi.org/10.1080/08927014.2006.9522706
https://doi.org/10.1111/oik.10643
https://doi.org/10.1111/oik.10643
https://doi.org/10.1017/S1367943003003044
https://doi.org/10.1017/S1367943003003044
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref20
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref20
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref20
https://doi.org/10.1016/j.beproc.2016.03.013
https://doi.org/10.1016/j.beproc.2016.03.013
https://doi.org/10.1644/11%2DMAMM%2DA%2D300.2
https://doi.org/10.1644/11%2DMAMM%2DA%2D300.2
https://doi.org/10.1002/jwmg.21962
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref23a
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref23a
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref23a
https://doi.org/10.1098/rspb.2000.1271
https://doi.org/10.1007/978%2D3%2D030%2D24475%2D0_30
https://doi.org/10.1002/wlb3.01025
https://doi.org/10.1007/s004420000584
https://doi.org/10.1111/jzo.13113
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref29
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref30
https://doi.org/10.1098/rstb.2017.0008
https://doi.org/10.1098/rstb.2017.0008
https://doi.org/10.1111/j.1365%2D2486.2010.02263.x
https://doi.org/10.1111/j.1365%2D2486.2010.02263.x
https://doi.org/10.1002/ece3.7657
https://doi.org/10.18637/jss.v022.i04
https://doi.org/10.18637/jss.v022.i04
https://doi.org/10.1111/gfs.12169
https://doi.org/10.1093/beheco/arz141
https://doi.org/10.1111/ecog.02152
https://doi.org/10.1177/1059712316644966
https://doi.org/10.1038/s42003%2D023%2D05313%2Dz
https://doi.org/10.1038/s42003%2D023%2D05313%2Dz
https://doi.org/10.1038/nclimate2656
https://doi.org/10.1016/j.scitotenv.2023.16178
https://doi.org/10.1111/j.1365%2D2656.2007.01275.x
https://doi.org/10.1007/s10651%2D013%2D0250%2D7
https://doi.org/10.1016/j.mambio.2016.12.003
https://doi.org/10.1016/j.mambio.2016.12.003
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref45
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref45
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref45
https://doi.org/10.1093/beheco/aru226
https://doi.org/10.1093/beheco/aru226
https://doi.org/10.1093/cz/zoy032
https://doi.org/10.1111/j.1469%2D7998.1988.tb03764.x
https://doi.org/10.1111/j.1469%2D7998.1988.tb03764.x
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref49
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref49
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref49
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref49
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref49
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref50
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref50
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref50
https://doi.org/10.1007/s13364%2D024%2D00774%2Dx
https://doi.org/10.1007/s13364%2D024%2D00774%2Dx
https://doi.org/10.1038/nclimate1329
https://doi.org/10.1038/nclimate1329
https://doi.org/10.1016/j.mambio.2018.06.003
https://doi.org/10.1016/j.mambio.2018.06.003
https://doi.org/10.2193/2005%2D675

14 S. Lovari et al. / Animal Behaviour xxx (XXXx) xXx

Groff, C., Angeli, F.,, Asson, D., Bragalanti, N., Pedrotti, L., Rizzoli, R., & Zanghellini, P.
(2018). Rapporto grandi carnivori 2017 del Servizio Foreste e Fauna della Provincia
Autonoma di Trento. Trento, Italy: Centro Duplicazioni Provincia Autonoma di
Trento.

Guastella, F. (2001). Studio delle vegetazioni dei Piani di Cavallazza (Trento) e
della loro utilizzazione da parte del camoscio alpino (Rupicapra rupicapra, L.).
Tesi di Laurea in Scienze Naturali, Universita degli Studi di Padova, Padova,
Italy.

Hamr, ]. (1985). Seasonal home range size and utilisation by female chamois
(Rupicapra rupicapra L.) in northern Tyrol. In S. Lovari (Ed.), The Biology and
Management of Mountain Ungulates (pp. 109—116). London, UK: Croom Helm
Editions.

Harrison, X. A., Donaldson, L., Correa-Cano, M. E. Evans, ]J., Fisher, D. N,
Goodwin, C. E. D., Robinson, B. S., Hodgson, D. J., & Inger, R. (2018). A brief
introduction to mixed effects modelling and multi-model inference in ecology.
Peer], 6. https://doi.org/10.7717 |peerj.4794. Article e4794.

Herrero, J., Garcia-Serrano, A., Felez, C., Herrero, F, Machuca, A, Ponz, B, &
Sancho, S. (2023). A low altitude forest dwelling Pyrenean chamois population
increases the potential habitat of this subspecies. Forest Systems, 32(3), 1-3.
https://doi.org/10.5424/fs/2023323-20521

Hothorn, T., Bretz, F., & Westfall, P. (2008). Simultaneous inference in general
parametric models. Biometrical Journal, 50(3), 346—363. https://doi.org/
10.1002/bimj.200810425

Isvaran, K. (2005). Variation in male mating behaviour within ungulate pop-
ulations: Patterns and processes. Current Science, 89(7), 1192—1199. https://
www.jstor.org/stable/24110971.

Jarque-Bascunana, L., Calleja, ]. A. Ibanez, M., Bartolome, ], Albanell, E.,
Espunyes, J., Galvez-Ceron, A., Lopez-Martin, J. M., Villamuelas, M., Gasso, D.,
Fernandez-Aguilar, X., Colom-Cedena, A., Krumins, J. A., & Serrano, E. (2022).
Grazing influences biomass production and protein content of Alpine
meadows. Science of the Total Environment, 818, Article 151771. https://doi.org/
10.1016/j.scitotenv.2021.151771

Johansson, O., Alexander, J. S., Lkhagvajav, P., Mishra, C., & Samelius, G. (2024).
Natal dispersal and exploratory forays through atypical habitat in the
mountain-bound snow leopard. Ecology, 105(4), Article e4264. https://doi.org/
10.1002/ecy.4264

Johnson, D. H. (1980). The comparison of usage and availability measurements for
evaluating resource preference. Ecology, 61(1), 65—71. https://doi.org/10.2307/
1937156

Kati, V., Kassara, C., Vassilakis, D., & Papaioannou, H. (2020). Balkan chamois
(Rupicapra rupicapra balcanica) avoid roads, settlements, and hunting grounds:
An ecological overview from Timfi Mountains, Greece. Diversity, 12(4), 124.
https://doi.org/10.3390/d12040124

Kenward, R. (1987). Wildlife radiotagging. London, United Kingdom: Academic
Press.

Knaus, W., & Schroder, W. (1983). Das Gamswild: Naturgeschichte — Verhalten —
Okologie — Hege und Jagd — Krankheiten. Berlin, Germany: Paul Parey.

Kramer, A. (1969). Soziale Organisation und sozial-Verhalten einer Gemspopula-
tion (Rupicapra rupicapra) der Alpen. Zeitschrift fur Tierpsychologye, 26(8),
889-964.

Lenth, R. (2023). emmeans: Estimated Marginal Means, aka Least-Squares Means.
R package version 1.8.6. https://CRAN.R-project.org/package=emmeans.

Levet, M. Apollinaire, ], Catusse, M. & Thion, N. (1995). Eléments
démographiques, comportament spatial et dispersion d'une population
d’Isard (Rupicapra p. pyrenaica) en phase de colonisation. Mammalia, 59(4),
489-500.

Loison, A., Darmon, G., Cassar, S., Jullien, ]. M., & Maillard, D. (2008). Age- and sex-
specific settlement patterns of chamois (Rupicapra rupicapra) offspring. Ca-
nadian Journal of Zoology, 86(6), 588—593. https://doi.org/10.1139/Z08-031

Lovari, S. (1977). The Abruzzo chamois. Oryx, 14(1), 47—50.

Lovari, S., Franceschi, S., Chiatante, G., Fattorini, L., Fattorini, N., & Ferretti, F. (2020).
Climatic changes and the fate of mountain herbivores. Climatic Change, 162(4),
2319—2337. https://doi.org/10.1007/s10584-020-02801

Lovari, S., Sacconi, F.,, & Trivellini, G. (2006). Do alternative strategies of space use
occur in male Alpine chamois? Ethology Ecology & Evolution, 18(3), 221-231.
https://doi.org/10.1080/08927014.2006.9522709

Lovari, S., Serrao, G., & Mori, E. (2017). Woodland features determining home range
size of roe deer. Behavioural Processes, 140, 115—120. https://doi.org/10.1016/
j.beproc.2017.04.012

Lovari, S., Sforzi, A., & Mori, E. (2013). Habitat richness affects home range size in a
monogamous large rodent. Behavioural Processes, 99, 42—46. https://doi.org/
10.1016/j.beproc.2013.06.005

Malagnino, A., Courbin, N., Bonnot, N., Garel, M., Marchand, P., Morellet, N.,
Borger, L., & Loison, A. (2024). The availability of thermal refuges shapes the
thermoregulatory behavioural tactic of a heat-sensitive alpine endotherm
species. Research Square. https://doi.org/10.21203/rs.3.rs-3923795/v1

Mason, T. H., Stephens, P. A., Apollonio, M., & Willis, S. G. (2014). Predicting po-
tential responses to future climate in an alpine ungulate: Interspecific in-
teractions exceed climate effects. Global Change Biology, 20(12), 3872—3882.
https://doi.org/10.1111/gcb.12641

Mattedi, S., Odasso, M., Brugnoli, A., Mustoni, A., & Pedrotti, L. (1997). La reintro-
duzione del cervo nella foresta demaniale di Paneveggio (Trentino orientale).
In M. Spagnesi, S. Toso, & P. Genovesi (Eds.), Atti Il Convegno Nazionale dei
Biologi della Selvaggina (pp. 615—623) (Supplemento alle Ricerche di Biologia

della Selvaggina XXVII, Istituto Nazionale per la Fauna Selvatica, Ozzano
Emilia, Italy). [In Italian, with English summary].

Michallet, J., & Toigo, C. (2000). Home range of chamois (Rupicapra rupicapra
cartusiana) translocated to reinforce a population in the Grande Chartreuse
mountain massif, Isere. Game and Wildlife Science, 17(4), 259—272.

Michaud, A., White, K. S., Hamel, S., Richard, ]. H., & Coté, S. D. (2024). Of goats and
heat, the differential impact of summer temperature on habitat selection and
activity patterns in mountain goats of different ecotypes. Oecologia, 206(3),
359—379. https://doi.org/10.1007/s00442-024-05633-9

Mikolas, P., Stoklasa, J., Rigg, R., Losonska, D., & Barilla, J. (2013). A preliminary
study of the rutting behaviour of Tatra chamois Rupicapra rupicapra tatrica.
Oecologia Montana, 22(2), 5-9.

Minta, S. C. (1993). Sexual differences in spatio-temporal interaction among bad-
gers. Oecologia, 96(3), 402—409.

Monaco, A. (2003). Parametri ambientali determinanti la dispersione e l'uso dell’-
habitat nel camoscio alpino (Rupicapra rupicapra rupicapra) nel Parco Naturale
Paneveggio - Pale di S. Martino - Relazione conclusiva. Technical Report to the
Park, Universita degli Studi di Siena, Siena, Italy.

Mountain Research Initiative EDW Working Group. (2015). Elevation-dependent
warming in mountain regions of the world. Nature Climate Change, 5, 424—430.
https://doi.org/10.1038/nclimate2563

Nesti, I, Posillico, M., & Lovari, S. (2010). Ranging behaviour and habitat selection
of Alpine chamois. Ethology Ecology & Evolution, 22(3), 215—231. https://
doi.org/10.1080/03949370.2010.502316

Nogués-Bravo, D., Aratijo, M. B., Errea, M. P., & Martinez-Rica, J. P. (2007). Exposure
of global mountain systems to climate warming during the 21 Century. Global
Environmental Change, 17(3—4), 420—428. https://doi.org/10.1016/j.gloenvcha.
2006.11.007

Orazi, V., Panaccio, M., Lovari, S., Belardi, I., von Hardenberg, A., Bassano, B., &
Ferretti, F. (2025). Antipredator behaviour as a major determinant of prey
altitudinal movements: The wolf and the chamois. Frontiers in Zoology, 22(1),
22. https://doi.org/10.1186/s12983-025-00559-1

Pachlatko, T., & Nievergelt, B. (1985). Time budgeting, range use patterns and re-
lationships within groups of individually marked chamois. In S. Lovari (Ed.),
The Biology and Management of Mountain Ungulates (pp. 93—101). Beckenham
and London, UK: Croom Helm Editions.

Parmesan, C. (2006). Ecological and evolutionary responses to recent climate
change. Annual Review of Ecology, Evolution and Systematics, 37(1), 637—669.
https://doi.org/10.1146/annurev.ecolsys.37.091305.110100

Parolo, G., & Rossi, G. (2008). Upward migration of vascular plants following a
climate warming trend in the Alps. Basic and Applied Ecology, 9(2), 100—107.
https://doi.org/10.1016/j.baae.2007.01.005

Pauli, H., Gottfried, M., Dullinger, S., Abdaladze, O., Akhalkatsi, M., enito
Alonso, J. L., Coldea, G., Dick, J., Erschbamer, B., Fernindez Calzado, R.,
Ghosn, D., Holten, ]. L., Kanka, R., Kazakis, G., Kollar, ]., Larsson, P., Moiseev, P.,
Moiseev, D., Molau, U, ... Grabherr, G. (2012). Recent plant diversity changes
on Europe’s mountain summits. Science, 336(6069), 353—355. https://doi.org/
10.1126/science.1219033

Pepin, N. C, Arnone, E., Gobiet, A., Haslinger, K., Kotlarski, S., Notarnicola, C.,
Palazzi, E., Seibert, P., Serafin, S., Schoner, W., Terzago, S., Thornton, J. M.,
Vuille, M., & Adler, C. (2022). Climate changes and their elevational patterns in
the mountains of the world. Reviews of Geophysics, 60(1). https://doi.org/
10.1029/2020RG000730. Article e2020RG000730.

Perco, F.,, Diminich, F,, Leone, G., Orza, V., Pahor, D., Perco, G., & Tence, L. (1997). Il
camoscio (Rupicapra rupicapra) nel carso costiero Triestino. Fauna, 4, 7—12.
Pettorelli, N., Pelletier, F., von Hardenberg, A., Festa-Bianchet, M., & Coté, S. D.
(2007). Early onset of vegetation growth vs. rapid green-up: Impacts on ju-
venile mountain ungulates. Ecology, 88(2), 381—390. https://doi.org/10.1890/

06-0875

Preatoni, D. G., & Bisi, F. (2013). HRTools: Commodity functions for home range
calculation. https://r-forge.r-project.org/R/?group_id=1531.

R Core Team. (2013). R: A Language and Environment for Statistical Computing.
Vienna, Austria. R Foundation for Statistical Computing. ISBN 3—900051—07-
0 http://www.Rproject.org/.

Rammig, A., Jonas, T., Zimmermann, N. E., & Rixen, C. (2010). Changes in alpine
plant growth under future climate conditions. Biogeosciences, 7(6), 2013—2024.
https://doi.org/10.5194/bg-7-2013-2010

Reiner, R., Zedrosser, A., Zeiler, H., Hacklander, K., & Corlatti, L. (2021). Forests
buffers the climate-induced decline of body mass in a mountain herbivore.
Global Change Biology, 27(16), 3741—3752. https://doi.org/10.1111/gcb.15711

Renaud, L. A, Pigeon, G., Festa-Bianchet, M., & Pelletier, F. (2019). Phenotypic
plasticity in bighorn sheep reproductive phenology: From individual to pop-
ulation. Behavioral Ecology and Sociobiology, 73(4), 50. https://doi.org/10.1007/
s00265-019-2656-1

Rivrud, I. M., Meisingset, E. L., Loe, L. E., & Mysterud, A. (2019). Future suitability of
habitat in a migratory ungulate under climate change. Proceedings of the Royal
Society B, 286(1899), Article 20190442. https://doi.org/10.1098/rspbh.2019.0442

Rogora, M., Frate, L., Carranza, M. L., Freppaz, M., Carranza, M. L., Stanisci, A.,
Bertani, 1., Bottarin, R., Brambilla, A., Canullo, R., Carbognani, M., Cerrato, C.,
Chelli, S., Cremonese, E., Cutini, M., Di Musciano, M., Erschbamer, B.,
Godone, D., locchi, M., ... Matteucci, G. (2018). Assessment of climate change
effects on mountain ecosystems through a cross-site analysis in the Alps and
Apennines. Science of the Total Environment, 624, 1429—1442. https://doi.org/
10.1016/j.scitotenv.2017.12.155

Please cite this article in press as: Lovari, S., et al., One herd, different movements: spatial behaviour of female forest chamois in a changing
meteorological perspective, Animal Behaviour (2025), https://doi.org/10.1016/j.anbehav.2025.123446



http://refhub.elsevier.com/S0003-3472(25)00373-2/sref55
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref55
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref55
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref55
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref56
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref56
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref56
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref56
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref57
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref57
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref57
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref57
https://doi.org/10.7717/peerj.4794
https://doi.org/10.5424/fs/2023323%2D20521
https://doi.org/10.1002/bimj.200810425
https://doi.org/10.1002/bimj.200810425
https://www.jstor.org/stable/24110971
https://www.jstor.org/stable/24110971
https://doi.org/10.1016/j.scitotenv.2021.151771
https://doi.org/10.1016/j.scitotenv.2021.151771
https://doi.org/10.1002/ecy.4264
https://doi.org/10.1002/ecy.4264
https://doi.org/10.2307/1937156
https://doi.org/10.2307/1937156
https://doi.org/10.3390/d12040124
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref66
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref66
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref67
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref67
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref68
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref68
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref68
https://CRAN.R%2Dproject.org/package%3Demmeans
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref70
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref70
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref70
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref70
https://doi.org/10.1139/Z08%2D031
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref72
https://doi.org/10.1007/s10584%2D020%2D02801
https://doi.org/10.1080/08927014.2006.9522709
https://doi.org/10.1016/j.beproc.2017.04.012
https://doi.org/10.1016/j.beproc.2017.04.012
https://doi.org/10.1016/j.beproc.2013.06.005
https://doi.org/10.1016/j.beproc.2013.06.005
https://doi.org/10.21203/rs.3.rs%2D3923795/v1
https://doi.org/10.1111/gcb.12641
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref79
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref79
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref79
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref79
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref79
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref79
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref80
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref80
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref80
https://doi.org/10.1007/s00442%2D024%2D05633%2D9
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref82
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref82
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref82
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref83
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref83
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref84
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref84
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref84
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref84
https://doi.org/10.1038/nclimate2563
https://doi.org/10.1080/03949370.2010.502316
https://doi.org/10.1080/03949370.2010.502316
https://doi.org/10.1016/j.gloenvcha.2006.11.007
https://doi.org/10.1016/j.gloenvcha.2006.11.007
https://doi.org/10.1186/s12983%2D025%2D00559%2D1
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref89
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref89
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref89
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref89
https://doi.org/10.1146/annurev.ecolsys.37.091305.110100
https://doi.org/10.1016/j.baae.2007.01.005
https://doi.org/10.1126/science.1219033
https://doi.org/10.1126/science.1219033
https://doi.org/10.1029/2020RG000730
https://doi.org/10.1029/2020RG000730
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref94
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref94
https://doi.org/10.1890/06%2D0875
https://doi.org/10.1890/06%2D0875
https://r%2Dforge.r%2Dproject.org/R/?group_id%3D1531
http://www.Rproject.org/
https://doi.org/10.5194/bg%2D7%2D2013%2D2010
https://doi.org/10.1111/gcb.15711
https://doi.org/10.1007/s00265%2D019%2D2656%2D1
https://doi.org/10.1007/s00265%2D019%2D2656%2D1
https://doi.org/10.1098/rspb.2019.0442
https://doi.org/10.1016/j.scitotenv.2017.12.155
https://doi.org/10.1016/j.scitotenv.2017.12.155

S. Lovari et al. / Animal Behaviour xxx (XXxx) XXX 15

Rosenqvis, G., & Berglund, A. (1992). Is female sexual behaviour a neglected topic?
Trends in Ecology & Evolution, 7(6), 174—176. https://doi.org/10.1016/0169-
5347(92)90066-K

Ruckstuhl, K. E., & Ingold, P. (1998). Baby-sitting in chamois: a form of cooperation
in females? Mammalia, 62, 125—128.

Ruckstuhl, K. E., & Ingold, P. (1999). Aspects of mother-kid behaviour in Alpine
chamois, Rupicapra rupicapra. Zeitschrift fur Saugetierkunde, 64(2), 76—84.
Rughetti, M., & Festa-Bianchet, M. (2012). Effects of spring-summer temperature
on body mass of chamois. Journal of Mammalogy, 93(5), 1301—1307. https://

doi.org/10.1644/11-MAMM-A-402.1

Schmeller, D. S., Urbach, D., Bates, K., Catalan, J., Cogalniceanu, D., Fisher, M. C,,
Friesen, J., Fureder, L., Gaube, V., Haver, M., Jacobsen, D., Le Roux, G., Lin, Y. P,
Machate, O., Mayer, A., Palomo, L, Plutzar, C., Sentenac, H., Sommaruga, R.,
Tiberti, R., & Ripple, W. ]. (2022). Scientists’ warning of threats to mountains.
Science of the Total Environment, 853. https://doi.org/10.1016/j.scito-
tenv.2022.158611. Article 158611.

Schroder, W., & von Elsner-Schack, 1. V. (1985). Correct age determination in
chamois. In S. Lovari (Ed.), The Biology and Management of Mountain Ungulates
(pp. 67—70). Beckenham and London, UK: Croom Helm.

Seigle-Ferrand, J., Atmeh, K., Gaillard, ]J. M., Ronget, V., Morellet, N., Garel, M.,
Loison, A., & Yannic, G. (2021). A systematic review of within-population
variation in the size of home range across ungulates: What do we know af-
ter 50 years of telemetry studies? Frontiers in Ecology and Evolution, 8, Article
555429. https://doi.org/10.3389/fevo.2020.555429

Seigle-Ferrand, J., Marchand, P, Morellet, N., Gaillard, J. M., Hewison, A. J. M.,
Said, S., Chaval, Y., Santacreu, H., Loison, A., Yannic, G., & Garel, M. (2022). On
this side of the fence: Functional responses to linear landscape features shape
the home range of large herbivores. Journal of Animal Ecology, 91(2), 443—457.
https://doi.org/10.1111/1365-2656.13633

Semenzato, P., Cagnacci, F, Ossi, F, Eccel, E., Morellet, N., Hewison, A. ]. M.,
Sturaro, E., & Ramanzin, M. (2021). Behavioural heat-stress compensation in a
cold-adapted ungulate: Forage-mediated responses to warming Alpine sum-
mers. Ecology Letters, 24(8), 1556—1568. https://doi.org/10.1111/ele.13750

Srivastava, T., & Kumar, A. (2018). Seasonal habitat use in three species of wild
ungulates in Sikkim Himalaya. Mammalian Biology, 88, 100—106. https://
doi.org/10.1016/j.mambio.2017.11.013

Stanisci, A., Carranza, M. L., Pelino, G., & Chiarucci, A. (2011). Assessing the di-
versity pattern of cryophilous plant species in high elevation habitats. Plant
Ecology, 212(4), 595—600. https://doi.org/10.1007/s11258-010-9849-z

Stephens, P. A., Buskirk, S. W., Hayward, G. D., & Martinez Del Rio, C. (2005).
Information theory and hypothesis testing: A call for pluralism. Journal of

Applied  Ecology,
2005.01002.x
Stoffel, M. A., Nakagawa, S., & Schielzeth, H. (2017). rptR: Repeatability estimation
and variance decomposition by generalized linear mixed-effects models.
Methods in Ecology and Evolution, 8(11), 1639—1644. https://doi.org/10.1111/

2041-210X.12797

Tablado, Z., Revilla, E., Dubray, D., Said, S., Maillard, D., & Loison, A. (2016). From
steps to home range formation: Species-specific movement upscaling among
sympatric ungulates. Functional Ecology, 30(8), 1384—1396. https://doi.org/
10.1111/1365-2435.12600

Thuiller, W., Guéguen, M., Bison, M., Duparc, A., Garel, M., Loison, A., Renaud, ]., &
Poggiato, G. (2018). Combining point-process and landscape vegetation models
to predict large herbivore distributions in space and time - A case study of
Rupicapra rupicapra. Diversity and Distributions, 24(3), 352—362. https://
doi.org/10.1111/ddi.12684

Unterthiner, S., Ferretti, F, Rossi, L., & Lovari, S. (2012). Sexual and seasonal dif-
ferences of space use in Alpine chamois. Ethology Ecology & Evolution, 24(3),
257—274. https://doi.org/10.1080/03949370.2012.658872

Van Beest, F. M., Mysterud, A., Loe, L. E., & Milner, ]J. M. (2010). Forage quantity,
quality and depletion as scale-dependent mechanisms driving habitat selec-
tion of a large browsing herbivore. Journal of Animal Ecology, 79(4), 910—922.
https://doi.org/10.1111/j.1365-2656.2010.01701.x

Viana, D. S., Granados, . E., Fandos, P, Pérez, ]J. M., Cano-Manuel, F. J., Buron, D.,
Fandos, G., Parraga Aguado, M. A. P, Figuerola, J., & Soriguer, R. C. (2018).
Linking seasonal home range size with habitat selection and movement in a
mountain ungulate. Movement Ecology, 6(1), 1. https://doi.org/10.1186/s40462-
017-0119-8

von Elsner-Schack, I. (1985). What is good chamois habitat? In S. Lovari (Ed.), The
Biology and Management of Mountain Ungulates (pp. 71-76). London, UK:
Croom Helm Editions.

Wang, D., Abbott, ]., Brenninger, F. A, Klein, K, Nava-Bolanos, A., Yong, L., &
Richter, X. L. (2024). Female alternative reproductive tactics: Diversity and
drivers. Trends in Ecology & Evolution, 39(10), 937—946. https://doi.org/10.1016/
j.tree.2024.06.002

Ward, A., & Webster, M. (2016). Sociality: the behaviour of group-living animals. New
York, USA: Springer Editions.

White, K. S., Gregovich, D. P, & Levi, T. (2018). Projecting the future of an alpine
ungulate under climate change scenarios. Global Change Biology, 24(3),
1136—1149. https://doi.org/10.1111/gcb.13919

Wood, S. N. (2017). Generalized Additive Models: An Introduction with R (2nd ed.).
London, UK: Chapman and Hall/CRC.

42(1), 4-12. https://doi.org/10.1111/j.1365-2664.

Please cite this article in press as: Lovari, S., et al., One herd, different movements: spatial behaviour of female forest chamois in a changing
meteorological perspective, Animal Behaviour (2025), https://doi.org/10.1016/j.anbehav.2025.123446



https://doi.org/10.1016/0169%2D5347%2892%2990066%2DK
https://doi.org/10.1016/0169%2D5347%2892%2990066%2DK
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref93a
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref93a
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref104
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref104
https://doi.org/10.1644/11%2DMAMM%2DA%2D402.1
https://doi.org/10.1644/11%2DMAMM%2DA%2D402.1
https://doi.org/10.1016/j.scitotenv.2022.158611
https://doi.org/10.1016/j.scitotenv.2022.158611
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref107
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref107
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref107
https://doi.org/10.3389/fevo.2020.555429
https://doi.org/10.1111/1365%2D2656.13633
https://doi.org/10.1111/ele.13750
https://doi.org/10.1016/j.mambio.2017.11.013
https://doi.org/10.1016/j.mambio.2017.11.013
https://doi.org/10.1007/s11258%2D010%2D9849%2Dz
https://doi.org/10.1111/j.1365%2D2664.2005.01002.x
https://doi.org/10.1111/j.1365%2D2664.2005.01002.x
https://doi.org/10.1111/2041%2D210X.12797
https://doi.org/10.1111/2041%2D210X.12797
https://doi.org/10.1111/1365%2D2435.12600
https://doi.org/10.1111/1365%2D2435.12600
https://doi.org/10.1111/ddi.12684
https://doi.org/10.1111/ddi.12684
https://doi.org/10.1080/03949370.2012.658872
https://doi.org/10.1111/j.1365%2D2656.2010.01701.x
https://doi.org/10.1186/s40462%2D017%2D0119%2D8
https://doi.org/10.1186/s40462%2D017%2D0119%2D8
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref120
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref120
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref120
https://doi.org/10.1016/j.tree.2024.06.002
https://doi.org/10.1016/j.tree.2024.06.002
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref122
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref122
https://doi.org/10.1111/gcb.13919
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref124
http://refhub.elsevier.com/S0003-3472(25)00373-2/sref124

	One herd, different movements: spatial behaviour of female forest chamois in a changing meteorological perspective
	Methods
	Study Area
	Chamois Captures and Radiotracking
	Ethical Note
	Home Range Estimation
	Statistical Analysis: Home Range Size
	Statistical Analysis: Habitat Selection
	Statistical Analysis: Bidecadal Changes in Chamois Terrain Use

	Results
	Home Range Size
	Habitat Selection
	Bidecadal Change in Chamois Terrain Use

	Discussion
	Author Contributions
	Data Availability
	Declaration of Interest
	Acknowledgments
	Supplementary Material
	References


